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The Harvard Water Federalism Project – process and substance

John Briscoe1,2

E-mail: jbriscoe@seas.harvard.edu

Abstract

This Special Edition of Water Policy is one outcome of an innovative educational and research project, the Har-
vard Water Federalism Project, designed to train a new generation of students from a wide variety of disciplines to
address the growing challenge of water security. This paper describes the core ideas behind the project, namely the
creation of a new generation of ‘specialized integrators’ and that of exposing students to the wisdom of ‘thinking
practitioners’. The paper describes the particular water problem chosen, namely that of the infrastructural and insti-
tutional challenges involved with the development and management of water in large rivers (the Colorado, Indus,
Mississippi, Murray–Darling and São Francisco) in federal countries (Australia, Brazil, Pakistan and the United
States). The paper serves as an overview to the basin papers written by multi-disciplinary student teams, and
draws some general lessons from this comparative analysis.

Keywords: Politics; Practice; Reform; Theory; Water management

Foundational ideas

The challenge of developing and managing water resources is broadly understood to be one of the
great challenges facing mankind. To cite just one recent example, the US National Intelligence Council
(2012) has identified four ‘megatrends’ which will drive the world over the next 20 years. One of these
four is the water, food and energy nexus, with the Council predicting that ‘water may become a more
significant source of contention than energy or minerals in 2030 at both the intrastate and interstate
levels’.

1 Special Edition of Water Policy on the Harvard Water Federalism Project, December 2013. The author is Gordon McKay,
Professor of the Practice of Environmental Engineering, Harvard University, 29 Oxford St, Cambridge, MA 02138, USA.
The project described in this paper was carried out jointly with Professors Jody Freeman and Richard Lazarus of Harvard
Law School and Peter Brooks of the Harvard Kennedy School. Their engagement and leadership are deeply appreciated.
2 Major funding for this project was provided by Pepsico and the TomKat Foundation. Additional funding was provided by
grants from the Hauser Innovation in Learning and Teaching Fund, the Harvard Australian Fund, and the David
Rockefeller Center for Latin American Studies.
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Four years ago Harvard University started a Water Security Initiative (WSI), which had the broad goal
of initiating a new generation of teaching and research on the major, existential aspects of water
management.

The Water Security Initiative was built on several core ideas, including the following.

• Application of a wide range of disciplines: The comparative advantage of a great university is in
bringing together strengths from the wide range of disciplines available at such a university –

necessarily with a home in engineering, but also engaging law, business, public health, economics,
public policy, anthropology, history and earth sciences.

• Creating a generation of specialized integrators: The aim is to train a new generation of ‘special-
ized integrators’ who have deep disciplinary knowledge but also have learned that other disciplines
are vital, and have learned how to work in integrated teams, thus making the whole more than the
sum of the parts.

• Bridging the gulf between theory and practice: In the words of one seasoned water diplomat (John
McDonald, quoted in Alam (1998)), ‘practitioners never read, and academics never practice’. A core
challenge is to bridge this gap, in this case by engaging faculty and students with ‘thinking prac-
titioners’. An associated challenge in the United States is that as the era of infrastructure
development has passed, so the institutions of higher education have lost interest and competence
in building and even maintaining infrastructure (Briscoe, 2010). The initiative works both in countries
where infrastructure has been built and where it needs to be built. The initiative concentrates on geo-
graphies where faculty has had long engagement with the actual challenge of water development and
management, and with the practitioners, political leaders and policy makers.

• Bridging the gap between writing and doing: Academics in general, and students in particular,
naturally give great credence to the written word, as evidenced both in academic journals and in
non-reviewed postings on the internet. A central conclusion of this project was that there is often a
vast gulf between the views of ‘those who write’ and the views of ‘those who do’. Perhaps the
most basic lesson learned by the students in this project was of the existence of this gap, of the
need to make sure that what they read is balanced by what actually happens on the ground, and of
the respect they gained for the thinking practitioners on the front line of real-world water management.

• Recognition that all management solutions are provisional: Most students come to the issue of
water with a strong sense that much of what has been done in the past was wrong, and that the
‘new’ ideas (e.g. of sustainability, climate change and participation) provide a normative framework
for change. A longer, historical, view suggests that there is nothing particularly special about this era
and that the history of water management is a history of challenges (which change over time) and
responses. In his book on four centuries of water management in Germany, Harvard historian Black-
bourn (2007) describes all water management actions as ‘provisional’. The implication is that context
matters, a lot, and that great care needs to be taken in extrapolating findings from one period to
another, or from a rich country to a poor country. For example, care needs to be taken in assuming
that what is ‘right’ for a rich country that has built extensive infrastructure today is ‘right’ for a con-
temporary poor country that has not been able to make such investments. The stark divide among
countries is evident in the stocks of infrastructure that have been constructed in the arid basins
included in this study. On the one hand, on the Colorado, the United States has built a capacity to
hold about 1,000 days of average river flow, and on the Murray–Darling, reservoirs can hold about
600 days of flow. On the São Francisco, in a middle-income country, reservoirs can hold about
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200 days of average flow, while poor Pakistan has been able to create storage to hold only 30 days of
average flow on the Indus. Accordingly, a core idea in the Water Security Program is that before
assessing what needs to be done, policy analysis needs to start with an understanding of the history
of challenges and responses, and of the ways in which past institutional and infrastructural responses
create path dependency.

• Understanding that institutions are more than simply organizations: Douglass North, the father of
institutional economics, provides a powerful definition, which provided a basis for the work done in
each basin. ‘Institutions’, he states (North, 1997), ‘are the humanly devised constraints that structure
human interaction. They are made up of formal constraints (rules, laws, constitutions), informal con-
straints (norms of behavior, conventions, and self-imposed codes of conduct), and their enforcement
characteristics. Together they define the incentive structure of societies […]’

• Taking into account politics at all levels, including the institutional and psychological residues of
history: Most research and policy analysis approach water management from a technocratic perspec-
tive. Harvard biologist E. O. Wilson has provided (in the context of biotechnology) a structure that is
highly applicable to water policy. The contemporary challenge, he states (Whitney, 2009), is that we
have God-like technologies, medieval institutions and Paleolithic emotions. The corollary is that
effective approaches to water management (a) cannot only be technocratic, but must take into account
politics at all levels and (b) are not written on a blank sheet of paper but must take into account the
institutional and psychological residues of history. Among other things, this means that water manage-
ment cannot be understood in isolation from the broader political environment in which such
management is immersed. The possibilities are quite different in a specific country at different
times, in the United States, for example, in the era of the New Deal and the contemporary era of ‘plan-
ning by constraints’ (Reuss, 2003). The possibilities are quite different in a country like Australia
where there is widespread use of market instruments, and in a country like Brazil where the consti-
tution prohibits the use of such instruments for water management. And challenges and
possibilities are quite different in countries like Pakistan, where there is little infrastructure and ende-
mic water insecurity (either too much or too little), and the United States, where current generations
have never known deprivation of water, food or energy.

The process

The idea of the project was the result of a common set of interests by faculty and students alike of the
Water Security Initiative, on the one hand, and the Environmental Law Program of Harvard Law School
on the other. A core faculty group (the authors of this paper) designed the project.

The process started with the identification of five major rivers in federal countries. In four of the cases –
the Murray–Darling in Australia, the Indus in Pakistan, the São Francisco in Brazil and the Mississippi
in the United States – faculty had decades-long involvement and deep relations with many key stake-
holders. The Colorado was added as an iconic case of management of a multi-state river in the arid
western United States. In all cases political, policy and thought leaders from the basins responded enthu-
siastically to the request for collaboration.

In September 2011 the faculty put out a notice to students advertising the project. We received
approximately 80 applications from students across the university. Of these we chose 30, which we
divided into five interdisciplinary teams (one for each basin), comprising one graduate student from
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the engineering school, one student from the law school, three other graduate students (chosen from
among the School of Public Health, Faculty of Arts and Sciences, and the Kennedy School) and one
college student.

The faculty developed a three-part template for the work. Part one, done in the fall, was an assessment
of the historic challenges and responses (in terms of institutions and infrastructure) in each basin, and an
initial assessment of current challenges and potential responses. This was based largely on traditional book
research, with extensive engagement with faculty who knew the basin. Part two, completed during January
2012, consisted of structured basin trips in which each team traveled to their assigned basin to engage
directly with political, technical and academic experts in the field. This was intended to build on the back-
ground research conducted in the fall. Part three, which took place in the spring, required students to
incorporate their research and interviews into ‘basin papers’, which served as background papers for an
April 2012 workshop. This step was the most challenging, because students had to distill the most salient
facts, identify the most important themes, and produce a compelling narrative account that basin experts
would readily recognize. The students submitted, and faculty edited, several drafts of these papers.

Theworkshopwas held over two days inApril 2012. In addition to the students and faculty, experts3 (poli-
ticians, practitioners and researchers) from each of the basins were invited to attend. This was not a
conventional academic meeting but rather one that put the students and their work at the center, and facili-
tated dialogue between students and experts on each of the basins and across the basins. The first day was
devoted to a series of basin presentations. In each case the students made a 20-minute PowerPoint presen-
tation, which was followed by comments from a panel of experts (three from the basin being presented, and
three from other basins). At the end of the first day, the students and experts suggested cross-cutting topics, of
which they selected four for further discussion on the second day. The students participated extensively
throughout the two days. They asked questions of other panelists, provided additional comment, and
many provided summations of their experience for all the conference participants in closing remarks.

What was learned about the process

At the end of the meeting, both students and experts filled out questionnaires regarding the process.
The responses from both groups were overwhelmingly positive. Many students stressed in particular the
value of working on interdisciplinary teams and the benefit of visiting the basins to interact with local
experts. Feedback from conference participants, also formally solicited, was likewise positive, with
many praising the high quality of the student papers and presentations; the value of Harvard training
a new generation of ‘specialized integrators’; the way the project engaged students and practitioners;
the open structure of the workshop; and the benefit of strengthening ties among the key organizations
in the basins. Many hoped and expected that there would be student engagement in the basins in years to
come.

3 Attendees at the workshop included the following. Harvard University (in addition to the student authors of the basin papers):
Professors Jody Freeman, Richard Lazarus and Peter Brooks. From the Colorado Basin: Terry Fulp, Doug Kenney, John Leshy,
Jennifer Gimbel, Brad Udall and Pat Mulroy; from the Indus Basin: Idris Rajput, Shakil Durrani and Khalid Mohtadullah; from
the Mississippi Basin: John Peabody, Stephen Gambrell, Garrett Graves, Sykes Sturdivant, Gretchen Benjamin, Mark Davis
and Gerry Galloway; from the Murray–Darling Basin: John Langford, Sharon Davis, Daniel Connell, Wendy Craik and
Rebecca Nelson; and from the São Francisco Basin, Jerson Kelman, Francisco Assis Souza Filho and Mark Lundell.
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One of the underlying objectives of the project was to create a ‘community of water practice’ that
would engage students from around the university. One measure of the success of the project was
that 18 of the 30 students were, and are, focusing on water in their undergraduate, masters or doctoral
theses, in most cases focusing on issues that had arisen in the course of their engagement during the
Water Federalism Project.

The basin narratives

The basin papers in this volume provide detailed assessments by the student teams of how the insti-
tutions and infrastructure arose, what challenges they now face and what some of the elements for
addressing these challenges might be. In broad outline, the basin narratives are as follows.

Australia’s Murray–Darling Basin

The Murray–Darling Basin covers much of south-eastern and eastern Australia. In hydrological terms
the system is small, with an average annual flow to the sea of just 14 billion (109) cubic meters. Under
the Australian Constitution, water is primarily a state responsibility. During the 20th century there were
massive investments in infrastructure for hydropower and irrigation. The dams of the basin can now
store about 600 days of average flow of the river system.

Towards the latter part of the 20th century there were clear bio-physical and institutional signs that
water in the basin had been over-allocated. As part of a broader economic reform program, a cooperative
framework agreed by both the federal and state governments was put in place, which separated land and
water rights, and focused on removing barriers to intra- and inter-state water trade. The framework
worked effectively during a decade-long drought at the start of the 21st century. Water moved from
low-value to high-value uses, and the economic impact of the drought was small. Over recent decades
there has been an important shift in social values, with maintenance of environmental quality now cen-
tral. The past decade has seen this shift in social values result in large institutional changes, with the
prior, consensual model of state cooperation replaced by a model in which the federal government
assumes greater responsibility. This shift in both priorities and institutional mandates has been difficult
and contested and is still in process.

The United States’ Colorado Basin

The Colorado is the vital and dominant basin in the arid west and south-western United States. In
hydrological terms the system is small, with an average flow of just 18 billion (109) cubic meters.
While the US Constitution is silent on the relative state and federal roles in water policy, for the first
century or so water policy was primarily a state subject. But gradually the national government came
to play a larger role, first to promote navigation, then to build irrigation projects, to provide water
for Native Americans and for various purposes connected with federal lands, for flood control and,
in recent times, to protect environmental values. The development of the west and south-west was
dependent on harnessing the Colorado River to provide electricity and reliable sources of water for irri-
gation and the growing cities. Today the dams on the Colorado can store about 1,000 days of average
flow of the river.

J. Briscoe / Water Policy 16 (2014) 1–10 5



Building this infrastructure required an agreement among the states on water rights, with the Colorado
Compact negotiated and finally signed in 1922 in order to get agreement on the building of the Hoover
Dam. In the latter half of the 20th century there were many institutional and bio-physical signs of an
over-allocated system. Driven by changing social values, and especially the growing importance of
environmental quality, there have been changes in the way in which the system has been operated.
In contrast to the Australian system, there is little use of market instruments for inter-state water trades.

The United States’ Lower Mississippi Basin

The Mississippi is a large river, with an annual average flow of about 600 billion (109) cubic meters.
Because it reaches deep into the heartland of the United States (the basin covers almost half of the land
area of the continental United States) the basin provided, and continues to provide, essential water trans-
port for heavy goods, for which enormous resources in locks, dams and ports have been invested. The
Mississippi River Commission was founded by the federal government 1879 to manage navigation
from the head waters to the mouth in the Gulf of Mexico. Because the waters of the basin funnel through
Mississippi and Louisiana, floods in these states have long been a great threat to settlement and well-being.
After the epic flood of 1927 the role of the federal government, previously confined to navigation, was
expanded to include flood protection. The institutions and infrastructure built for navigation and flood pro-
tection have been spectacularly successful. In 2011 a flood that was slightly larger than the 1927 flood was
managed with little economic and social disruption. The basin now faces a set of challenges that include:
maintaining the very large stock of aging infrastructure; dealing with a large hypoxic zone in the Gulf of
Mexico; arresting the degradation of the coastal zone; restoring wetlands and biodiversity in the basin; and
expanding engagement in integrated management beyond the lower basin.

Pakistan’s Indus Basin

The Indus is a large river, with an average annual flow of about 100 billion (109) cubic meters. The
Indus has a long history, with one of the first urban civilizations flourishing on its banks over 4,000
years ago. The contemporary history of the basin started in the 19th century, when the British created
the largest contiguous irrigation system with the waters of the basin. Storage in the basin, however,
remains small, with the dams able to hold only about 30 days of average river flow.

The Indus irrigation system has faced a series of existential challenges, ranging from the partition of
the basin in 1947 to an era in which waterlogging and salinity threatened sustainability and to the con-
temporary challenges associated with over-abstraction, a falling water table, low productivity,
environmental degradation and growing conflicts from the inter-provincial to local levels. Under the
Pakistan Constitution, water is primarily the responsibility of the provinces, with the federal government
playing an important role in the assignment of water rights, the building of major infrastructure and the
arbitration of inter-provincial conflicts.

Brazil’s São Francisco Basin

Brazil’s north-east is a region of endemic aridity, a reality that gave rise to a paternalistic and stagnat-
ing ‘culture of drought’. A paradox is that the region is traversed by the São Francisco, a large river with
an annual flow of about 100 billion (109) cubic meters. The Brazilian Constitution assigns a much larger
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role in water management to the federal government than is the case in Australia, the United States or
Pakistan. All rivers that pass through, or alongside, more than one state are ‘federal rivers’.

Ever since the region was settled, the hope has been that the waters of the São Francisco can be har-
nessed to enhance water security, and construct a water platform for economic growth. In the 20th
century the waters of the river were tapped to provide the major source of electricity for the region,
and there has been some (fitful) development of irrigation along the banks of the river. The dams on
the river can store about 200 days of average flow of the river. Over the last decade work has started
on ‘the transposição’, a project that will transfer (over an elevation of a thousand meters) about 1%
of the flow of the river to the arid states to the north. Major questions arise about how to make this pro-
ject enhance the overall water security of the receiving states, and what institutional arrangements and
economic instruments are most appropriate for this purpose.

What was learned about substance

There were several general lessons on water management that emerged from the case studies and the
discussions about commonalities among these.

Lesson One: improved water security was the driving force for basin development, with institutions and
infrastructure put in place to address specific, high-priority-at-the-time objectives

In all of the river basins, development was motivated by the need to reduce water insecurity (the fre-
quency and impact of droughts and floods) and to build a water platform for economic growth. In some
cases, providing a stable supply of water to growing industries (irrigated agriculture in the Indus, Colorado
and Murray–Darling, and the cities of the south-west in the case of Colorado) was a major motivation for
investment in large dams and associated infrastructure. Managing water for navigation was a central moti-
vator in the Mississippi and Murray–Darling. At the other end of the spectrum, protection against the
ravages of floods was a powerful motivator in the case of the Colorado, the Mississippi and partially
in the Indus. Finally, use of water for cheap, reliable and sustainable hydropower was a powerful motivator
for development of the Murray–Darling, Indus, Colorado and São Francisco rivers.

In all cases the investments required clarification of the respective rights of the states and the federal
government, and the establishment of institutions and instruments for managing the water and the flow
of benefits and costs. In short, infrastructure and institutions were two sides of the same coin. For
example, the Colorado Compact was required for the construction of the Hoover Dam; the Mississippi
River Commission was necessary to get agreement, first on navigation and later on flood management;
the succession of federal–state institutions on the Murray–Darling defined the rules that would govern
management of the river. In all cases the combination of infrastructure and institutions proved, to vary-
ing degrees, highly successful in building the water platform for economic growth.

Lesson Two: there are no definitive solutions, with the history of the basins revealing a cycle of
challenge and response, then new challenge and new response, and so on

In all cases studied, success in meeting the original challenges gave rise, over time, to a new set of chal-
lenges, which arose largely because of the success of the original responses. In the Indus, Colorado and
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Murray–Darling the application of large amounts of water to arid fields (‘making the desert bloom’) led to
massive increases in production, but also to major challenges in managing salinity. In three of the four arid
basins (the Colorado, the Murray–Darling and the Indus) success led to an inexorable increase in demand
for now-reliable water, in all cases without taking account of the impact diminished flows would have on
the environment, and especially on the deltas. (In the fourth case, the São Francisco, diversions are still just
a small fraction of the sustainable yield.) Similarly the navigation and flood protection works on the Mis-
sissippi, along with changes resulting from the oil and natural gas industry and natural changes, had major
impacts on flow and sediment regimes, again with profound effects on the delta and coastal zones. As
described in the case studies, there has been progress in dealing with some of these second-generation
issues, but there remains a long way to go – and many trade-offs to be made – in all cases.

Lesson Three: options for the future are dependent on what now exists (both institutions and
infrastructure)

The architects of the responses to the ‘original challenges’ in each basin devised solutions that were
constrained by natural conditions and political realities. But they had basically clean sheets of paper in
terms of designing infrastructure and institutions to create the water platform for economic growth. Suc-
ceeding generations of basin planners and managers face a quite different task, because existing
infrastructure and institutions (and the implicit sharing of benefits and costs) constitute major constraints
in what can be done in the basins. In no cases has there been a decision to return to anything like original
conditions. Successful interventions have built on the original successes but also involved important
changes. For example, the operating rules on the Colorado now allow for periodic emulation of natural
flood events, and for storage of Mexican water for later release into the delta. Similarly, in search of the
right balance for a ‘healthy, working river’ there have been purchases of water from irrigators to apply to
environmental ends in the Murray–Darling. In the Mississippi a convergence of good flood
risk-management practice and greater respect for the environment now means that in times of flood
water is diverted into environmentally rich ‘backwaters’ and ‘floodways’.

Lesson Four: values change over time and with the level of economic development

In all of the basins the definitive, path-setting infrastructure and institutions were developed at a time
when land settlement and economic growth were the overwhelming regional and national priorities. The
relationship with economic growth was dialectic – water control meant more economic growth, which in
turn meant more investment in infrastructure. This is reflected in the infrastructure endowments of the
study basins in arid environments: the amount of average flow that can be stored on the Colorado is
1,000 days, the Murray–Darling 600, the São Francisco 200 and the Indus 30 days.
Two related realities have meant that water management objectives have changed dramatically in the

case studies in rich countries (the United States and Australia), only somewhat in the middle-income
case (Brazil) and little in the one poor country (Pakistan). The first reality is that it has become apparent
that where there have been large investments in infrastructure (for example, in the United States and
Australia), the law of diminishing marginal returns has become clear. The second reality is that when
societies become rich, they no longer worry so much about basics (enough food and energy) and turn
their attention more to environmental concerns. The combination means that there has been a dramatic
change in the values that drive water management in rich societies. This secular change notwithstanding,
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there are clear and strong differences in perceptions among different groups in society. For urban dwellers
in California or Australia secure food and energy are taken for granted, and the role of water management in
securing these is obscure at best. For farmers and those living in floodplains the continuing role of the ‘old
infrastructure and institutions’ in this security remains palpable, with a resulting caution about dramatic
changes in ‘rules of the game’. In poor societies (for example, Pakistan) it remains inconceivable that
scarce water, with a high opportunity cost in agriculture, would be allocated solely to environmental
purposes.

Lesson Five: informal practices are as important as formal rules

All of the basins have formal institutional arrangements that underpin the distribution of benefits and
costs, and the resultant operation of the water systems. As values have changed, there has been a natural
and often appropriate focus on changing formal arrangements (laws and organizations) so that management
conforms more closely to new values and priorities. The case studies reveal that resulting changes in prac-
tice have been far from mechanical, in part because of resistance from some major parties to the changes,
and in part because the strengths of informal bonds of trust and familiarity are undervalued. In the words of
one participant, ‘trust passes from people to institutions’. Some examples are revealing. In recent decades
there has been extensive (but widely varying) use of the courts to change water practice in the western
United States. Practitioners almost uniformly now see this tendency as counter-productive, and give
great weight to the bonds of trust and mutual understanding that have arisen among professionals, officials
and advocates. Similarly in Australia, the recent federalization of water management in the Murray–Darling
was designed in large part to overcome the slow pace of reform in a consensus-based system and a disre-
spect for the practitioners who had found a set of creative and practical solutions to some very complex
challenges. But six years of experience show that there are few short cuts, and that sound professional judg-
ment and networks of people with dirt under their fingers are a strength, not a weakness, of the system.

Lesson Six: comparative analysis provides insights, but lessons are highly contextual

A primary motivation for the work done in this project was the value of comparative analysis. In some
cases there were very long engagements in this sort of ‘what can be learned from others’ analysis. A fas-
cinating case involves three of the regions in this project (Teisch, 2011). In the early 20th century western
US water engineers looked to the Indian subcontinent for inspiration in modern water management. In the
same period there were strong links forged between western US water planners and their counterparts in
the Murray–Darling Basin. What emerged from those exchanges was that, yes, there was a lot to be
learned, but there was also so much that was contextual that there were many nuances and caveats in
any learning experiences. (For example, the then-iconic system of the Indus Basin was based on an over-
whelming role for the state, with little role for private rights. The extrapolation of lessons in management
was limited when – as in the western United States – private water rights were the bedrock of the system.)
And so, too, it is with the comparative analysis in this project. As described above, there are some

general lessons that can be drawn from the cases. But the broader point is that context – natural, histori-
cal, cultural, political, economic, legal – is decisive. Consider just one case, namely the lessons that can
be drawn from the 135-year experience of the Mississippi River Commission (MRC). The MRC’s
engagement model is remarkable, including biannual meetings on the river of the commission officials
with local groups, and the forging of a consensus on what will be built where and how it will operate.
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But the MRC points out that this model, which works so well in the lower river, would never work in the
upper tributaries, where flooding is a lesser issue and the river plays a quite different role. It points out
that many of the levers that are necessary for management of the river (such as the operating rules for the
dams on the Missouri) remain, and will continue to remain, beyond its control. When the MRC engages
with other basins with some similar problems (as it does), it does so with an acute understanding of both
the strengths and limitations of its own model, and an acute understanding that there are certain ‘trans-
ferables’ (professional competence and trust with the communities) but that each society and each basin
has to find its own path to addressing its own challenges.

The case studies, finally, reveal the dangers of ‘water-centricism’, of assuming that ‘lessons’ specific
to one place and time can or should be automatically applied to another time or another place. The
examples show that water management cannot be understood in isolation from the broader political
environment in which such management is immersed. The possibilities are quite different in a specific
country at different times, in the United States, for example, in the era of the New Deal and the con-
temporary era of ‘planning by constraints’ (Reuss, 2003). The possibilities are quite different in a
country like Australia where there is widespread use of market instruments, and in a country like
Brazil where the constitution prohibits the use of such instruments for water management. And chal-
lenges and possibilities are quite different in countries like Pakistan, where there is little
infrastructure and endemic water insecurity (either too much or too little), and in the United States,
where current generations have never known deprivation of water, food or energy.
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An observer’s tribute

Christina McCallum

You ask of me a poem to mark this event
as new green swells on skeleton trees

blossom flares white
seeds drift to ground

We meet in a big brown hall
high ceiling timber-lined

the solid edifice of decades
historic gathering place

peopled today across a divide of years
the curious journeys of life and work
and love – the ‘thinking practitioners’

the professors, the experts

and you, the students – alive
to new challenge in the waterways
of the world, your teams afloat

on conflicting currents

You present on river basins
Indus, São Francisco, Colorado, Mississippi, Murray–Darling

their contentious federal questions
their life stories, overlaps and unconnected tributaries

Eloquent, direct and standing tall
you argue issues with clarity

resisting run-offs and meanders
to find the flow of what must be done

I salute you for your journey
the energy of your sharing

I wish for you the will and the winds
to take your vessels further
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Abstract

The Colorado River Basin supplies water to roughly 40 million people in the south-western United States. A
complex interstate regime that has evolved across the past century governs allocation and management of these
coveted flows, and formidable challenges face this regime in contemporary times – a historical era aptly
dubbed the ‘era of limits’. This paper illuminates these challenges and offers modest input regarding potential
responses to them. We initially survey the evolution of the interstate water regime and outline its essential features
as well as those of the basin. We then turn to the contemporary challenges and potential responses, which gener-
ally concern an unprecedented imbalance between water supplies and demands, long-standing disagreements over
the meaning of the Colorado River Compact, water rights held by American Indian tribes on reservations through-
out the basin, and ongoing biodiversity protection and salinity control efforts. We conclude by reflecting on
lessons from and for the Colorado River Basin vis-à-vis the interstate water regimes existent in the other four
basins encompassed within the Harvard Water Federalism Project.

Keywords: Biodiversity protection; Colorado River; Federalism; Interstate water allocation; Salinity control;
Tribal water rights

Introduction

Regarded as one of the most ‘institutionally encompassed’ rivers in the world, the Colorado River in
the western United States offers policy-makers, practitioners, and scholars alike a conceptually sophis-
ticated and historically deep case study in the design and implementation of interstate water policy in
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federal countries (U.S. Bureau of Reclamation, 1975). For evidence of its institutional value, one need
look no further than the interstate water compact that serves as the foundation of the water allocation and
management regime in the Colorado River Basin: the Colorado River Compact. This agreement was
forged in the spirit of cooperative federalism as the first interstate water compact in United States history
and, upon its genesis roughly 90 years ago, set a precedent for several dozen water compacts sub-
sequently drafted for allocation and management of interstate rivers in the United States. It also
remains one of the most complex interstate water compacts in the nation in terms of the number of
sovereigns encompassed within its framework (Utton Transboundary Resources Center, 2005). The
vast body of laws grafted onto this framework during the past century (colloquially, the ‘Law of the
River’) provides further testament to the potential insight to be gained from examining the design
and implementation of the interstate water regime in the Colorado River Basin.

This introduction presents a historical framework to contextualize material in subsequent sections of
this paper. The following two sections provide discussions of the physical features of the Colorado
River Basin, the make-up of the interstate water regime, and contemporary challenges facing policy-
makers engaged with this regime, including potential responses to these challenges. Reflecting on the
wide scope of information presented in these sections, we highlight in the final section a handful of les-
sons to be gleaned from and for Colorado River governance, based on discussions at, and materials
prepared for, the Water Federalism Project conference held at Harvard University on April 19–21,
2012. In addition to the Colorado River Basin, this event focused on the interstate water regimes existent
in four other major river basins located in federal countries across the globe: Murray–Darling Basin
(Australia), São Francisco Basin (Brazil), Indus Basin (India/Pakistan), and Mississippi Basin
(United States). This paper aims to contribute to the event’s goal of facilitating comparative analysis
of interstate water policy and promoting dialogue on this subject among policy-makers, practitioners,
and scholars working in diverse professional roles and disciplines.

Our framing of the history of the interstate water regime within the Colorado River Basin synthesizes
its evolution into three eras in this section. The overall time period canvassed spans from the late-nine-
teenth to early-twenty-first centuries. Readily apparent throughout this period is the fact that all of the
institutions incrementally assimilated into (and currently encompassed within) the regime have been
provisional. They have originated in distinct historical contexts – in response to prevailing conditions
and values – and have persisted up to the present day by virtue of being embodied in different parts
of the regime. The challenges now facing policy-makers engaged with Colorado River governance are out-
growths of institutions devised in earlier generations, and the nature and scope of potential responses to
these challenges are similarly defined and circumscribed by the contours of these institutions. We consider
this contextualized perspective indispensable in navigating the future of the Colorado River.

An agrarian republic: the desert shall blossom like a rose (1890–1922)

Essential to any historical survey of the interstate water regime in the Colorado River Basin is an
initial account of the mobilized, vociferous movement for reclamation of the arid lands (i.e. irrigated
agriculture) within the basin states and territories during the late-nineteenth and early-twentieth centu-
ries. An array of efforts at the federal, state, and local levels emerged to accomplish this goal. Chief
among them was the federal reclamation program. More so than any other event, the genesis of this pro-
gram defines the first era in the history of the basin’s interstate water regime, revealing the ‘marriage of
necessity’ forged between the federal government and the basin states and territories to facilitate
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agrarian settlement and economic development, and foreshadowing the pervasive role to be played by
the federal government in accomplishing the distinct goals of subsequent eras in the interstate water
regime’s history.

Although the territory constituting the American West came under US sovereignty through various
agreements with England, France, and Mexico, forged during the first half of the nineteenth century,
US settlement of the region began in earnest during the latter half of that century, initially precipitated
by the California Gold Rush of 1849. From the mining camps of the Gold Rush emerged the dominant
legal doctrine used to allocate surface water within each of the states of the Colorado River Basin: the
prior appropriation doctrine (Dunbar, 1983). This doctrine spread through all of the western states and
territories over the course of the nineteenth century. Its core tenets then as now are twofold: (1) ben-
eficial use (i.e. the existence of water rights hinges on ongoing beneficial use of the water afforded
by them – ‘use it or lose it’) and (2) temporal priority (i.e. water is allocated among water-rights holders
according to seniority – ‘first in time, first in right’) (Thompson et al., 2013). Tailored to the region’s
arid and semi-arid climate, the prior appropriation doctrine imposed no restrictions on diverting water
from rivers to grow crops on distant tracts of land – differing in this regard from riparianism, the domi-
nant legal doctrine employed for surface water use in the eastern states. Based on this feature, prior
appropriation allowed for a broader base of irrigated agriculture in the basin and throughout the
west. Congress acquiesced to the doctrine in several laws enacted in the 1860s and 1870s, deferring
to western states’ authority to manage water resources located within their borders.

Contemporaneous with the basin states’ adoption of prior appropriation during the latter half of the
nineteenth century was the increasing priority placed on irrigated agriculture as an integral component of
regional settlement and economic development (Pisani, 2002). Americans became enamored with the
vision of agrarian settlement of the west during this period, which Congress encouraged through a
series of acts enabling settlers to acquire 160-acre plots of land (Gates, 1968). These early federal efforts
were largely unsuccessful, however, due to (among other factors) the difficulty, if not impossibility, of
replicating the small family-farm model of the more humid eastern United States in the arid and semi-
arid landscape west of the hundredth meridian (Kelley, 2009). Equally ineffective at achieving the scale
of irrigated agriculture sought by the western states were private, local, and state efforts (Gates, 1968).
Ultimately, these marginal efforts produced a ‘diversion plateau’ by the end of the nineteenth century,
and the western states were forced to turn eastward to the only entity capable of mustering the capital
and expertise needed to turn the west into an agrarian republic (Worster, 1982).

The Reclamation Act of 1902 emerged at this historic juncture, establishing the U.S. Reclamation
Service (later renamed ‘Bureau of Reclamation’) and altering forever the relationship between the fed-
eral government and the states of the Colorado River Basin (and elsewhere in the west) with regard to
water policy. The mandate of the Reclamation Service was to ‘reclaim’ the western arid lands for human
use. And the agency got to work fulfilling this mandate immediately within the Colorado River Basin,
starting with the Salt River and Yuma Projects in Arizona in 1903 and 1904, respectively, and the
Strawberry Valley Project in Utah in 1905, in conjunction with which it built multi-purpose dams for
flood control, irrigation storage, and limited hydropower. The Salt River Project facilitated the
growth of the city of Phoenix and the agricultural industry of central Arizona through the Service’s
first multi-purpose project, Roosevelt Dam. The Yuma Project constructed Laguna Dam, bringing irri-
gation and power to the people and farms of south-western Arizona. The Strawberry Valley Project
brought water for both irrigation and grazing land to the southern Utah Valley and Strawberry
Valley. With steady access to more water, farmers in the south-west began to diversify their production
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to include crops like beans, cantaloupe, lettuce, beets, peaches, oranges, and sugar cane. Grazing lands
benefited and ranchers thrived. Hydropower began delivering electricity to burgeoning population centers.
The states welcomed these initial projects, and soon began to clamor for broader, basin-wide development.

Nowhere was this clamor heard more loudly throughout this period than in southern California – par-
ticularly, though not exclusively, in Imperial Valley. In 1901, the California Development Company cut
a diversion channel off the Colorado River, diverted the water 50 miles into the valley, and put 100,000
acres of crops under cultivation (Hundley, 2009). The population of the valley grew explosively with the
delivery of water and another 60,000 acres were soon put into production, growing everything from let-
tuce to oranges to avocados. But hardships were in the offing. Devastating floods between 1905 and
1907 inundated the valley, wiping out crops, forming the Salton Sea, and eventually driving the Cali-
fornia Development Company into bankruptcy. These floods precipitated calls from Imperial Valley
farmers for construction of a new diversion canal. The existing Alamo Canal, located partly in
Mexico, continually failed due to silt build-up and spawned an acrimonious relationship between
valley farmers and the Mexican government. In response, the Imperial Irrigation District was formed
in 1911 under state law and played a pivotal role in pursuing (and later securing) a diversion canal
located wholly within the United States – an ‘All-American Canal’ – to be constructed by the federal
government. Calls for this canal dovetailed with those for a large storage dam sought by (among other
parties) the recently appointed director of the Reclamation Service, Arthur Powell Davis, for purposes of
flood control and hydropower generation in the Lower Basin.

Support from all of the basin states was a prerequisite to any large-scale federal project in the Lower
Basin. To facilitate this mobilization, a regional booster organization known as the League of the South-
west emerged in 1917 as a non-political alliance dedicated to the economic and social development of
the region. The league consisted of local businesses and political leaders. Any interested organization
representing city, state, county, commercial, industrial, cultural, or civic interests could purchase a mem-
bership and vote as a unit. The Colorado River quickly became the league’s dominant concern. At its
1920 convention in Los Angeles, the league passed a resolution calling on Congress to appropriate
money for the Reclamation Service to complete the necessary investigations for construction of a
large dam in the Lower Basin at Boulder Canyon. The league also tasked a committee of engineers
from the Service and the basin states with devising a comprehensive plan for basin-wide development.
Further, in response to concerns from Upper Basin states about securing adequate water supplies for
their own development, the league quickly passed a subsequent resolution calling for the basin states
to enter into an interstate compact, as provided for by Article I, Section 10 of the U.S. Constitution,
to equitably apportion the use of water from the Colorado River and its tributaries.

The big build-up: urbanization, industrialization, and diversification (1922–1968)

Growth boomed in and around the Colorado River Basin during the next period of the interstate water
regime’s history – spanning roughly 50 years in the mid-twentieth century – in parallel with the gradual
emergence of a basin-wide allocation scheme for water rights (a joint federal–state endeavor) and the
Bureau of Reclamation’s construction of numerous large-scale multi-purpose water projects devised
to implement this scheme. Yet this settlement and development increasingly revolved around urban
growth and industrialization and diversification of the regional economy rather than the Jeffersonian
family-farm ideal that had originally animated the federal reclamation program. Major milestones
along this trajectory were the formation of the Colorado River Compact in 1922 and the enactment
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of the Boulder Canyon Project Act in 1928. Both legal instruments served as cornerstones for later com-
ponents of the interstate water rights scheme and its accompanying (operationalizing) infrastructure.

The Colorado River Compact, the ‘constitution’ of the multi-faceted scheme of water rights held by
sovereigns and water users in and around the Colorado River Basin (Adler, 2008), arose from nego-
tiations by federal and state representatives in 1922 animated by the dynamics reflected in the
League of the Southwest’s resolutions (Hundley, 2009). The Lower Basin states sought to secure
water supplies to facilitate their ongoing growth – particularly, in southern California – and the
slower-growing Upper Basin states were interested in protecting water supplies needed to enable
their future development. Toward these ends, representatives from each of the basin states initially con-
vened in January 1922 – joined by a federal representative, then Secretary of Commerce, Herbert
Hoover, who served as chairman – and over an 11-month period negotiated the first interstate water
compact in US history.

A key event spurring these negotiations was the Supreme Court’s decision in Wyoming v. Colorado,
which was announced in June 1922 (Hundley, 2009). In this case, the Court exercised its authority
under Article III, Section 2, of the U.S. Constitution to equitably apportion use of the Laramie River
between Colorado and Wyoming, holding that priority of appropriation was the controlling factor
when making equitable apportionments involving states that adhere to the prior appropriation doctrine.
This approach to equitable apportionment provided significant motivation to the commissioners of the
slower-growing Upper Basin states to consummate a compact in order to avoid interstate application of
prior appropriation to the Colorado River.

Ultimately, rather than granting water rights to each of the individual states with portions of territory
located within the Colorado River Basin, the compact eventually signed by the commissioners on
November 24, 1922, grouped these states into two ‘basins’ – the Upper Basin (consisting primarily
of parts of Colorado, New Mexico, Utah, and Wyoming) and the Lower Basin (consisting primarily
of parts of Arizona, California, and Nevada) – and established water rights for each sub-basin. In
turn, the compact contemplated that the states within each sub-basin would allocate their respective
compact entitlement among themselves (i.e. establish state-based entitlements), and also that an entitle-
ment would be prescribed for Mexico by treaty.

Six years passed between the Colorado River Compact’s formation in 1922 and its ratification via
passage and subsequent entry into force of the Boulder Canyon Project Act in 1928 and 1929, respect-
ively (Hundley, 2009). Arizona was a staunch holdout throughout this period. Its recalcitrance
eventually led the other six basin states to propose that compact ratification could occur through (1) rati-
fication by those six states’ legislatures and (2) imposition of a limit on California’s use of water from
the Colorado River in the Lower Basin. Once both conditions had been met (and a subsequent waiting
period had expired), the Boulder Canyon Project Act became effective, conferring federal approval on
the compact and authorizing construction of the All-American Canal and Hoover (originally Boulder)
Dam. Built at the height of the Great Depression, Hoover Dam was at the time the largest dam in the
world, a colossal feat of engineering and a powerful symbol of America’s mission to reclaim the desert
(Hiltzik, 2010). Water and power from the dam would be delivered to the cities and agricultural users of
the Lower Basin based on contracts with the Secretary of the Interior formed for these purposes, and the
vast infrastructure needed to enable these deliveries would be constructed.

The Colorado River Compact and Boulder Canyon Project Act thus laid a foundation for successive
parts of the interstate water regime that emerged during the remaining 40 years of this period. Two
major events subsequently occurred in 1944: the United States and Mexico negotiated a treaty
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establishing Mexico’s annual entitlement to Colorado River water, and Arizona finally ratified the Col-
orado River Compact (Hundley, 1966, 2009; Meyers & Noble, 1967). Four years later, in 1948, the
Upper Basin states formed a separate compact, the Upper Colorado River Basin Compact, apportioning
among themselves their collective entitlement under the Colorado River Compact (Meyers, 1966).
Farther downstream, the Lower Basin states, notwithstanding sustained efforts, were unable to reach
an analogous agreement, which prevented Arizona from gaining congressional approval for its long-
coveted Central Arizona Project. The state broke this impasse by filing suit against California (and
other parties) in the Supreme Court in 1952. Eleven years later, in the landmark decision of Arizona
v. California, the Supreme Court announced a scheme governing water use from the Colorado River
mainstream in the Lower Basin, interpreting the Boulder Canyon Project Act as having established
this scheme (Trelease, 1963; Meyers, 1966; Hundley, 1972; MacDonnell, 2012). Thus, as discussed
fully in the following section, all of the major components controlling the allocation of water rights
in the Colorado River Basin had been put into place by 1963.

Development of the infrastructure required to implement the basin-wide water rights scheme pro-
ceeded on a parallel track, punctuated by state lobbying for, and federal authorization and
construction of, large-scale multi-purpose water projects. These projects emerged in three main
waves, the first of which stemmed from the Boulder Canyon Project Act (i.e. Hoover Dam, Lake
Mead, and the All-American Canal). Hoover Dam and Lake Mead enabled the Secretary of the Interior
to fulfill delivery obligations to major agricultural and municipal water users in the Lower Basin (e.g.
the Imperial Irrigation District and Metropolitan Water District of Southern California) and also to
Mexico. Roughly 30 years passed before the arrival of the next wave of projects via enactment of
the Colorado River Storage Project Act in 1956. This Act authorized a host of projects in the Upper
Basin, including Glen Canyon Dam and Lake Powell at the Arizona–Utah border, and Flaming
Gorge Dam and Reservoir at the Utah–Wyoming border. The former project was considered essential
to enabling the Upper Basin to fulfill various flow obligations under the Colorado River Compact.
Twelve years passed before the onset of the third wave of projects. Passage of the Colorado River
Basin Project Act in 1968 provided for construction of the Central Arizona Project, which diverts
water from the Colorado River mainstream to Phoenix and Tucson, and also authorized several smaller
projects in the Upper Basin. The Act likewise directed the Secretary of the Interior to develop criteria for
coordinating operation of Lake Mead and the Upper Basin reservoirs, which was done in 1970.

It would be difficult (if not impossible) to overstate the role played by the evolving interstate water
regime in facilitating the development of the Colorado River Basin and adjacent areas throughout this
period. By 1968, the population of the south-west had more than quintupled from its size in 1922, and
major urban centers like Los Angeles, San Diego, Phoenix, Las Vegas, Salt Lake City, and Denver con-
tinued to expand at furious rates (U.S. Census Bureau, 1921, 1971). Commensurate with this growth
was diversification of the regional economy. Industrialization occurred in the agricultural sector as
the family-farm model was gradually replaced by industrialized agribusiness in certain parts of the
basin. Other economic sectors also became increasingly important, including tourism and recreation,
partly attributable to national parks and national recreation areas that were designated in the basin.

Viewed as a whole, an apropos term for the dynamic growth in and around the Colorado River Basin
during this period is the ‘Big Buildup’ (Wilkinson, 1999). It is this pattern that ‘conquered the river of
the Southwest’ and spawned the region’s modern form (Wilkinson, 1999). At the time, most people
equated this ‘conquest’ with progress, based on then-prevailing values in US society. Not everyone
did so, however, and this pluralization of values set an important precedent for the subsequent era.
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Nonetheless, one thing was abundantly clear toward the end of the ‘Big Buildup’: although the desert
indeed had blossomed like a rose, only faint traces of an ‘agrarian republic’ could be discerned in the
face of the basin and outlying areas.

The era of limits: value pluralism on a water budget (1968–present)

Since the last major piece of the interstate water rights scheme was put into place in Arizona
v. California, and the last major federal water project was authorized in the Colorado River Basin Pro-
ject Act (Central Arizona Project), a new era has dawned in the Colorado River Basin, an ‘era of limits’
entailing dynamics equally challenging but distinct from those of the earlier historical periods (Loch-
head & Sparks, 1999). The basin has witnessed a sweeping pluralization of values regarding the uses
and users to which water should be allocated. Policy-makers engaged with Colorado River governance
now contend with competing demands from municipalities, industrial facilities, irrigation districts,
American Indian tribes, recreational users, and environmental groups, among other stakeholders.
Water supplies to satisfy the diverse interests of these stakeholders are limited, and as noted previously
existing institutions within the interstate water regime inherently define and circumscribe the scope of
options available to policy-makers. Innovative policy measures have emerged in response to these
dynamics in recent decades, including novel efficiency- and flexibility-oriented allocation rules, nego-
tiated settlements for tribal water rights, and inclusive, stakeholder-based environmental protection
programs, each of which involves cooperative federalism. But it remains to be seen precisely how suc-
cessful these and descendant efforts will be in surmounting the challenges of this era.

Limitations on the amount of water available for use in the Colorado River Basin and tensions
between sovereigns and water users stemming from these limitations are core features of the era of
limits. As examined in detail below, average annual flow levels in the basin have proven considerably
lower than those estimated at the time that the Colorado River Compact was negotiated, while water
demands have increased steadily across the past century. Although water-use levels differ markedly
between the Upper and Lower Basins – they are significantly higher in the Lower Basin – there has
been an overall trend of demands exceeding supplies on average in recent years. This imbalance has
prompted several innovative, efficiency-oriented policy measures in the Lower Basin, including a
water-banking scheme established in 1999, a large-scale water transfer agreement formed by agricultural
and municipal entities in southern California in 2003, and a credits-based water-conservation program
formulated in 2007 as one component of a broader collaborative effort between the basin states and the
federal government to address drought conditions. The specific features of these measures are surveyed
below in the third section of this paper. Although they constitute key responses to the imbalance
between water supplies and demands in the basin, their overall effectiveness has yet to be determined.

Closely intertwined with the water supply–demand imbalance are various disagreements between the
Upper and Lower Basin states about the meaning of specific terms that frame the Colorado River Com-
pact’s basin-wide apportionment scheme. Some of these interpretive conflicts trace back as far as the
compact negotiations. Broadly speaking, the points of tension concern the entitlements conferred,
and the flow obligations imposed, on the Upper and Lower Basins by the compact. The necessity of
resolving these long-standing disputes in the era of limits will foreseeably increase in tandem with
the urgency of the supply–demand imbalance.

Among other key stakeholders (and sovereigns) with interests potentially affected by stretched
water supplies in the Colorado River Basin are American Indian tribes, which share unique and
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sometimes tumultuous relationships with the federal government and the basin states. Although these
tribes possess water rights under federal law, based on the seminal Supreme Court case of Winters
v. United States, the process of establishing and quantifying these rights and securing funding for
water projects has been an ongoing saga for many tribes (McCool, 2002). Beginning in the late
1970s, water rights’ settlements emerged as an innovative measure for translating tribes’ ‘paper
rights’ into ‘wet water,’ and an increasing number of these settlements have been forged in sub-
sequent decades. Certain critical settlements remain unformed at present, however, and important
concerns exist about the terms of existing settlements. Providing wet water to tribes thus persists
as a challenge in the basin.

A similar sentiment applies to environmental issues. The American public (both in the west and
across the nation) became increasingly aware of such issues in conjunction with major battles over
the Bureau of Reclamation’s proposed siting of dams in or adjacent to national parks in the Colorado
River Basin near the end of the ‘Big Buildup’, namely the Echo Park Dam controversy in the 1950s and
the Grand Canyon dams controversy in the 1960s (Harvey, 1994; Martin, 1999). Equally significant
was a controversy between the United States and Mexico in the 1960s about salinity levels of treaty
water (Hundley, 1966; Meyers & Noble, 1967). In response to these and similar events, Congress
enacted a spate of environmental laws during the late 1960s and early 1970s. Novel multi-stakeholder,
consensus-driven programs aimed at biodiversity protection – that is, protection and restoration of
native species and habitat – now exist in various locales throughout the basin. A basin-wide salinity-
control program likewise has taken shape, stemming from a minute to the U.S.–Mexico Treaty and
related federal legislation. The latter program has seen consistent success over the past several decades
whereas the biodiversity programs have enjoyed a mixed record at best. Ultimately, although environ-
mental concerns are a key characteristic of the era of limits, it is unclear to what extent they can be
integrated into a water rights and infrastructure regime originally devised without these concerns in
mind.

The material in the third section below fleshes out the foregoing dynamics of the era of limits. Suffice
it to say here that these dynamics pose a host of challenges involving the reconciliation of limited water
resources, value pluralism, and institutional constraints, and that innovative responses to these chal-
lenges necessarily must be crafted around these considerations. Before delving into the challenges
and potential responses, however, the next section lays additional groundwork by offering a more
detailed account of the Colorado River Basin itself and the infrastructure, legal framework, and admin-
istrative entities encompassing it.

Basin overview

The preceding historical survey laid out the general structure and features of the interstate water
regime in the Colorado River Basin – both the institutions encompassed within it and the historical con-
texts in which these institutions have evolved – but a much closer look at these institutions and the basin
itself is needed to ground the discussion of contemporary challenges and potential responses in the next
section. Tailored to this task, this section provides further information about the geography, climate, and
hydrology of the basin, and then outlines its water infrastructure, the legal framework from which this
infrastructure stems, and the array of federal, state, tribal, and local entities responsible for administering
different aspects of the regime.
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Geography and climate

Spanning an area nearly the size of Texas, the Colorado River Basin encompasses a wide and diverse
range of terrain in the south-western United States, extending across seven states (Arizona, California,
Colorado, Nevada, New Mexico, Utah, Wyoming) as well as two states in north-western Mexico (Baja
California, Sonora): a total of 244,000 square miles of watershed (see Figure 1). The mainstream of the
Colorado River, with its headwaters more than two miles above sea level in the Rocky Mountains of
northern Colorado, traverses over 1,450 miles through a breathtaking and dynamic landscape of
alpine peaks, ecologically rich wetlands, and barren deserts before pouring into the Gulf of California
(CRGI, 2010). A handful of major tributaries – including the Green River and San Juan River in the
northern part of the basin and the Gila River in the southern part – contribute most significantly to
its flows (U.S. Bureau of Reclamation, 2012c).

Roughly 40 million people within the United States currently use water from the Colorado River
Basin (U.S. Bureau of Reclamation, 2012c). Dependent on this water are at least 25 federally recognized
American Indian tribes, seven national wildlife refuges, four national recreation areas, and 11 national
parks (including the Grand Canyon) located within the basin (U.S. Bureau of Reclamation, 2012c). The
prevalence of Indian reservations and federal lands is remarkable, occupying 16.5 and 56 percent of the
basin, respectively (see Figure 2). Only 19 percent of the land within the basin is privately owned, with
the states and Mexico owning the remaining portion (8.5 percent) (Brown & Weatherford, 1986).

The historical and projected population trends in this area are fairly staggering. Overall, the south-
west is the fastest-growing region in the United States (Parker, 2010). During the past century, the
‘Upper Basin’ states (Colorado, New Mexico, Utah, and Wyoming) increased in population from
approximately 1 to 10 million residents, and the ‘Lower Basin’ states (Arizona, California, and
Nevada) grew from 1.5 to 45 million people. (California lays claim to the lion’s share of the regional
population at 38 million residents.) Looking forward, we see that the population base’s supplied water
from the Colorado River Basin is projected to range from 49 to 77 million by 2060 (U.S. Bureau of
Reclamation, 2012c).

Standing in sharp contrast to these explosive population trends is the general aridity of the Colorado
River Basin, a defining feature of the American West as a whole. Most of the basin maintains an arid
climate with extremely erratic precipitation (Christensen et al., 2004). At the Arizona–California
border, in its south-western corner, lies a large stretch of desert where the average temperature is 68 °F
(20 °C) and less than an inch of rain falls per year. In contrast, the high mountainous regions of Colorado,
Utah, and Wyoming maintain average annual temperatures of 23 °F (�5 °C) and, with their abundant
snowfall, average annual precipitation levels of 40 inches (U.S. Bureau of Reclamation, 2012c). Averaging
across the entire basin, 15 inches of rainfall or snowfall are generated annually. This level varies widely
from year to year, however, with an average annual range of 9 to 20 inches basin-wide and even wider
fluctuations in local precipitation (U.S. Bureau of Reclamation, 2012c). Most of the basin’s 15 inches
of average annual precipitation originates as snowfall in the high mountainous regions, which cover
only a fraction of the overall land base. In fact, 85 percent of the basin’s overall run-off begins as melting
snow originating in only 15 percent of its area (U.S. Bureau of Reclamation, 2012c).

Resembling patterns now found in many regions of the world, the generally arid climate of the
Colorado River Basin is changing, with temperatures rising and precipitation patterns fluctuating
(Christensen et al., 2004). Whether average annual precipitation rates will decrease or remain constant
in the basin due to climate change is unclear. Several studies predict a reduction in precipitation in
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Fig. 1. Colorado River Basin and adjacent areas that receive Colorado River water (Source: U.S. Bureau of Reclamation,
2012c).
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Fig. 2. Tribal lands in the Colorado River Basin (Source: U.S. Bureau of Reclamation, 2012c).
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southern portions of the Lower Basin, but most studies agree that, basin-wide, average annual rainfall
will remain relatively stable. Nearly all studies, however, indicate an increase in annual variability of
precipitation (U.S. Bureau of Reclamation, 2011b). The predicted future precipitation rate across the
basin is roughly 6–23 inches per year, as compared to the 9–20 inches measured during the past cen-
tury (U.S. Bureau of Reclamation, 2012c). Nor is temperature expected to remain constant. Climate
experts predict an average temperature increase of 6 °F in the basin by 2080 (U.S. Bureau of Recla-
mation, 2012c). This increase will result – notwithstanding a constant precipitation level – in a smaller
percentage of precipitation making its way into the Colorado River system due to increased evapor-
ation losses and decreased run-off efficiency (U.S. Bureau of Reclamation, 2011b).

The Colorado River Basin is an area formed around its sublime, tempestuous river. From the ponder-
osa pines in the alpine mountains to the willows running along the edges of the barren desert, the river
winds through canyons whose contours have been shaped by its presence. The plants, animals, Indian
tribes, farming communities, and sprawling metropolises in and around the basin all depend on the
river’s water. With populations rapidly growing and climate change threatening to decrease annual
flows, a close look at the basin’s hydrology is necessary.

Hydrology: water supply and demand

Water demands have exceeded water supplies on average in the Colorado River Basin during recent
years – a historically unprecedented gap projected to widen in coming decades (see Figure 3) and this
imbalance underlies (directly or indirectly) virtually every contemporary challenge facing Colorado
River governance. To shed light on the general nature and scope of this imbalance, the material
below offers a snapshot of historical, current, and projected trends in water supply and demand
levels in and around the basin.

As discussed above, the water in the Colorado River system is supplied primarily by snowfall in the
mountains of Colorado, Utah, and Wyoming. The Upper Basin contributes 92 percent of the total flow,
making the gauging station at Lees Ferry – located two miles upstream from the dividing point between
the Upper and Lower Basins (denominated ‘Lee Ferry’ in the Colorado River Compact) – a useful
point for gauging the overall flow of the river (U.S. Bureau of Reclamation, 2012c). According to
the historical record, average annual natural flows were approximately 15.0 million acre-feet (maf)
at Lees Ferry over the past century. (One acre-foot equals approximately 325,851 gallons of water.)
These flow levels were highly variable, however, ranging from 25.0 maf in wet years to almost
5.0 maf in dry ones. Notably, the period from 1906 to 1930, during which the Colorado River Compact
was formed, was particularly wet with average annual flows of over 17.0 maf (U.S. Bureau of Recla-
mation, 2012c).

Going beyond the temporal scale of the historical record, a reconstructed paleo record, established
through tree-ring analysis, reveals a 1,250-year average of 14.7 maf of annual natural flows at Lees
Ferry (U.S. Bureau of Reclamation, 2012c). The range observed from the reconstruction is similar to
that of the historical record, consisting of a maximum average annual flow of 24.0 maf and a mini-
mum of only 2.0 maf. Overall, we can see from the paleo record that the past century has entailed
remarkably reliable, high flows in the Colorado River Basin when compared to the past two millen-
nia (National Research Council, 2007). The paleo record likewise enables us to perceive multi-
decadal fluctuations in the hydrology of the basin and associated periods of drought and flooding,

J. Robison et al. / Water Policy 16 (2014) 12–57 23



revealing periods of drought more lengthy and severe than those seen in the historical record
(National Research Council, 2007).

With a view to the future, climate-change models offer valuable insight into the projected trend of
future water supplies in the Colorado River Basin. Models incorporating climate change into flow
predictions suggest average annual natural flows of 13.7 maf at Lees Ferry (9 percent below the average
in the historical record) (U.S. Bureau of Reclamation, 2012c). Notably, this value is 1.0 maf higher than
the median in these models (12.7 maf) due to a small number of extremely high flow values that raise
the annual flow mean. Considering only the 10th to 90th percentiles, annual flows ranging from
approximately 8.0 to 22.0 maf are predicted. Independent of extreme flows (some of which top
40.0 maf), reservoir operations may need to be re-evaluated (Christensen et al., 2004). As noted
above, although climate-change models do not uniformly predict decreases in annual precipitation in
the basin, the projected average temperature increase of 6 °F will reduce water availability through
increased evaporation and decreased run-off efficiency (U.S. Bureau of Reclamation, 2011b). These
higher temperatures will also prompt earlier snowmelt, shifting peak flows to earlier in the year (U.S.
Bureau of Reclamation, 2012c).

Turning from supplies to demands, we observe that the historical and projected trends in future water
supplies in the Colorado River Basin run directly counter to those involving water use (see Figure 4).
Total water use in the basin has increased steadily across the past century, rising from roughly 13.0 to
16.0 maf per year, for example, between 1971 and 1999 (U.S. Bureau of Reclamation, 2012c). Notably,

Fig. 3. Historical supply and use1 and projected future Colorado River Basin water supply and demand1 (Source: U.S. Bureau
of Reclamation, 2012c).
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these figures do not reflect water use from the Lower Basin tributaries, including the Gila River, the
primary tributary in the Lower Basin. Annual consumptive uses and losses along the Gila River gener-
ally have ranged from 3.0 to 3.5 maf during the past three decades (see Figure 5), and no portion of these
or other Lower Basin tributary flows has been accounted for in the water-supply or water-use data pre-
sented here (U.S. Bureau of Reclamation, 2012c). Excluding the Lower Basin tributaries, approximately
4.0 maf of water in the Colorado River system is lost through evaporation and other means or delivered
to Mexico annually (U.S. Bureau of Reclamation, 2012c). The remaining water use occurs primarily in
the more developed Lower Basin. In 1971, the Lower Basin was consuming 6.6 maf, while the Upper
Basin was utilizing 3.0 maf. By 1999, the Lower Basin had reached 8.0 maf of use, with the Upper
Basin consuming 3.3 maf. As of 2010, basin-wide water use decreased to roughly 15.0 maf due to
drought conditions, including 7.4 maf in the Lower Basin and 3.7 maf in the Upper Basin (U.S.
Bureau of Reclamation, 2012c). With a view to the future, basin-wide water demands are projected

Fig. 4. Historical Colorado River water consumptive use1 and loss by basin, Mexico, reservoir evaporation2, and other losses3,
1971–2010 (Source: U.S. Bureau of Reclamation, 2012c).
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to rise to between 17.1 and 20.1 maf by 2060, accounting for treaty deliveries and losses (see Figure 6).
Projected demands range from approximately 8.5 to 10.0 maf in the Lower Basin and slightly below 5.0
to 6.0 maf in the Upper Basin (see Figure 7) (U.S. Bureau of Reclamation, 2012c).

The water-use levels just discussed account for a variety of activities, both inside and adjacent to the
Colorado River Basin (see Figure 8). More water from the Colorado River system is used for irrigated
agriculture than for any other purpose. Approximately 8.0 maf of this water has been consumed in the
agricultural sector annually during recent years, irrigating nearly 5.5 million acres of land that produce
15 percent of the nation’s crops and roughly 13 percent of its livestock, and generating several billion
dollars in agricultural benefits (U.S. Bureau of Reclamation, 2012c). Agricultural water use in the basin
is projected to decrease over the next 50 years – from roughly 57 percent of overall water demand in
2015 to between 41 and 49 percent by 2060 – although increases of approximately 0.5 to 1.75 maf
per year are projected in the Upper Basin in some scenarios (see Figure 9). A basin-wide decrease in
irrigated acreage of 300,000 to 830,000 acres is expected to accompany this trend. With regard to
the municipal and industrial sector, which is the second-largest sector in which water from the Colorado
River system is used, roughly 3.0 maf of flows are now consumed annually. More growth in water
demand is projected in this sector than in any other over the next 50 years – between 64 and 76 percent
of the overall increase in basin-wide demand – and this growth is anticipated in the Upper and Lower
Basins, ranging from approximately 0.2 to 0.8 maf in the former and 0.8 to 1.9 maf in the latter (see

Fig. 5. Historical consumptive uses and losses for the Gila River, 1971–2005 (Source: U.S. Bureau of Reclamation, 2012c).
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Figure 10). As mentioned above, nearly 40 million people currently rely on the Colorado River and its
tributaries for some or all of their municipal water needs, with most of these individuals residing in
major metropolitan areas located within or adjacent to the basin, such as Denver, Las Vegas, Los
Angeles, Phoenix, Salt Lake City, and San Diego.

In addition to the foregoing agricultural, industrial, and municipal uses, more than 70 percent of the
precipitation in the Colorado River Basin is consumed by system-wide evapotranspiration (U.S. Bureau
of Reclamation, 2012c). These losses are exacerbated by those associated with the basin-wide network
of storage reservoirs (see Figure 11). Over 1.0 maf of water has been lost to evaporation from the two
main reservoirs, Lake Mead and Lake Powell, annually in recent years (U.S. Bureau of Reclamation,

Fig. 6. Historical Colorado River water consumptive use1, delivery to Mexico2, reservoir evaporation3, and other losses4, 1971–
2010 (Source: U.S. Bureau of Reclamation, 2012c).
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Fig. 7. Projected Colorado River water demand,1,2 2015–2060 (Source: U.S. Bureau of Reclamation, 2012c).
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2012c). Average annual evaporative losses of 0.8 maf have occurred elsewhere in the storage network.
As noted previously, an average temperature increase of 6 °F is predicted in the basin by 2080. This
pattern will lead to increased evaporative losses and thereby deprive the basin of additional water,
with up to a 30 percent increase in evapotranspiration in the Upper Basin (U.S. Bureau of Reclamation,
2012c).

Infrastructure

The water-supply and water-use trends in the Colorado River Basin addressed above are inextricably
connected with the vast network of infrastructure developed throughout the twentieth century to regulate
flows from the Colorado River and its tributaries. A dizzying array of water projects divert, impound,

Fig. 8. Historical Colorado River water consumptive use1, delivery to Mexico, reservoir evaporation2, and other losses3, 1971–
2010 (Source: U.S. Bureau of Reclamation, 2012c).
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Fig. 9. Projected change in Colorado River water demand for agriculture from 2015 (Source: U.S. Bureau of Reclamation,
2012c).
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Fig. 10. Projected change in Colorado River water demand for municipal and industrial uses from 2015 (Source: U.S. Bureau of
Reclamation, 2012c).
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and release these flows today (see Figure 1). More so than any other federal or state agency, the U.S.
Bureau of Reclamation has played, and continues to play, a pivotal role in the development and oper-
ation of these projects, which taken together provide slightly over 60.0 maf of storage capacity in the
basin – that is, roughly four times the average annual levels of Lee Ferry flows observed in the historical
record (Pontius, 1997). Our survey of this infrastructure organizes the relevant water projects into two
groups based on their respective locations in the Upper and Lower Basins.

Of the major dams and reservoirs of the Upper Basin, the most prominent is Glen Canyon Dam,
which has a hydropower capacity of 1,320 megawatts (MW). Located slightly upstream from Lee
Ferry near the Arizona–Utah border, the dam’s impounded reservoir, Lake Powell, is the second-largest
in the Colorado River Basin, bearing a storage capacity of 26.2 maf (U.S. Bureau of Reclamation,
2008c). Regulating mainstream and tributary flows upstream of Glen Canyon Dam in the Upper
Basin are several smaller projects, including Flaming Gorge Dam, Navajo Dam, and the three Aspinall
Unit dams. Flaming Gorge Dam, located in north-eastern Utah along the Green River, the largest tribu-
tary to the Colorado River, is the second-largest dam in the Upper Basin, with a hydroelectric capacity
of 150 MW. The dam creates Flaming Gorge Reservoir, straddling the Utah–Wyoming border with a
storage capacity of 3.78 maf (U.S. Bureau of Reclamation, 2008b). Several hundred miles to the

Fig. 11. Reservoir evaporative losses, 1971–2010 (Source: U.S. Bureau of Reclamation, 2012c).
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south, in north-western New Mexico, is Navajo Dam, which has a hydroelectric capacity of 30 MW
(EMNRD, 2004). It regulates the flows of the San Juan River, the second-largest tributary to the Color-
ado River, and creates Navajo Lake, which has a storage capacity of 1.7 maf (U.S. Bureau of
Reclamation, 2008d). The Aspinall Unit, a project consisting of three dams located in western Colorado
(Blue Mesa Dam, Morrow Point Dam, and Crystal Dam), regulates the Gunnison River, the fifth-largest
tributary to the Colorado River. These dams produce 86, 173 and 32 MW of electricity, respectively,
and create reservoirs with storage capacities of 0.94, 0.11, and 0.02 maf (U.S. Bureau of Reclamation,
2008a).

In addition to the large-scale dams and reservoirs in the Upper Basin, major trans-basin diversion pro-
jects also exist in the headwaters states, transferring water from the Colorado River and its tributaries to
various areas outside the Colorado River Basin. The Colorado–Big Thompson Project is one such project.
It spans a total of 250 miles and diverts 0.26 maf of water from the western slope of the Rocky Mountains
in northern Colorado to Denver and adjacent urban areas along the Front Range (U.S. Bureau of Recla-
mation, 2013). Another key example is the Central Utah Project: a six-unit system located in central and
north-eastern Utah consisting of a series of aqueducts, canals, tunnels, and pumps that collectively trans-
port 0.25 maf of water from the Uinta Basin to Salt Lake City and other metropolitan areas along the
Wasatch Front (U.S. Department of the Interior, 2013). Also notable is the San Juan–Chama project,
located along the Colorado–New Mexico border, which transfers 0.11 maf of water from the San Juan
River Basin to the Rio Grande Basin (U.S. Bureau of Reclamation, 2011c).

The infrastructure found in the Upper Basin is smaller in scale and scope than that used downstream
to regulate flows from the Colorado River and its tributaries. The Lower Basin is characterized by a
string of large-scale dams and reservoirs located on the mainstream of the Colorado between Lake
Mead (adjacent to Las Vegas) and the northern international border with Mexico. Hoover Dam is the
colossus. Possessing a hydropower capacity of 2,074 MW, the dam impounds Lake Mead, the largest
reservoir in the United States based on its storage capacity of 27.37 maf (U.S. Bureau of Reclamation,
2012b). Downstream from Hoover Dam are Davis Dam and Parker Dam. Davis Dam has a hydropower
capacity of 240 MW and creates Lake Mohave, the second-largest reservoir in the Lower Basin, with a
storage capacity of 1.8 maf (U.S. Bureau of Reclamation, 2009a). The dam’s primary purpose is to
facilitate water deliveries to Mexico by re-regulating flows released from Hoover Dam. Parker Dam,
which is smaller in scale than its upstream counterparts, has a hydropower capacity of 120 MW and
impounds Lake Havasu, the third-largest reservoir in the Lower Basin, with a storage capacity of
0.64 maf (U.S. Bureau of Reclamation, 2009b). Parker Dam primarily serves to store water for deliveries
to urban and agricultural users in California and Arizona.

Elaborate diversion projects exist in the Lower Basin to enable the water deliveries just noted. Chief
among these projects are the Central Arizona Project and the Colorado River Aqueduct, which deliver
water to major metropolitan areas in central Arizona (Phoenix, Tucson) and southern California (Los
Angeles, San Diego), respectively. Both projects draw their water from Lake Havasu behind Parker
Dam. Diverting up to 1.4 maf of this water per year, the Central Arizona Project spans 336 miles in
length and includes 15 pumping plants, three diversion facilities, and one storage facility (U.S.
Bureau of Reclamation, 2011a). The slightly smaller Colorado River Aqueduct stretches for 242
miles, diverting as much as 1.2 maf annually (U.S. Bureau of Reclamation, 2003; ASCE, 2013). The
annual energy requirements for these projects are substantial: the Central Arizona Project uses up to
2.8 million megawatt hours per year to deliver water across its vast service area, and the Colorado
River Aqueduct requires 1.7 million megawatt hours annually for deliveries of 850,000 acre-feet

J. Robison et al. / Water Policy 16 (2014) 12–57 33



(MWD, 2006; Central Arizona Project, 2013). Equally important to these projects is the All-American
Canal. It extends from Imperial Dam – located on the Colorado River mainstream, 25 miles north of the
international border – to the Imperial Valley in south-eastern California, covering 80 miles and diverting
up to 3.0 maf per year (U.S. Bureau of Reclamation, 2012a; ACWA, 2013).
The Lower Basin also has a desalination plant at Yuma, Arizona. As discussed further below, the

existence of this plant is attributable to Minute 242 of the U.S.–Mexico Treaty of 1944, which was
formed in 1972 to establish salinity standards for water deliveries to Mexico. The plant is capable of
treating 72 million gallons of water per day via reverse-osmosis processes (U.S. Bureau of Reclamation,
2010). It has been operated only twice since its completion in 1992, including a pilot run conducted in
2009 (U.S. Bureau of Reclamation, 2012d).

Legal framework

The vast infrastructure surveyed above has been authorized, constructed, and operated pursuant to an
extensive body of laws that constitutes the legal framework of the interstate water regime in the Color-
ado River Basin – again, colloquially called the ‘Law of the River.’ Encompassing an international
treaty, two interstate compacts, a historic Supreme Court decision (Arizona v. California), and several
dozen federal statutes and regulations, this body of laws establishes the scheme for allocating water
rights to the various sovereigns (federal, state, and tribal) and water users located in, and adjacent to,
the basin (MacDonnell, 2009). Further, as mentioned in the introduction, the Law of the River has
evolved considerably in recent decades to address environmental issues such as biodiversity protection
and salinity control. The discussion below provides an overview of all of these aspects of the legal
framework.

Disagreements about allocation of water from the Colorado River and its tributaries have been an
ongoing dynamic throughout the history of the interstate water regime in the basin. As noted previously,
the cornerstone of the Law of the River’s water rights scheme is the Colorado River Compact. Formed by
the federal government and the basin states pursuant to the Compact Clause of the U.S. Constitution, the
compact establishes the overarching structure for apportioning water rights in the ‘Colorado River System’ –

that is, ‘that portion of the Colorado River and its tributaries within the United States of America’ – to
individual states and water users therein in the Upper and Lower Basins. The compact likewise imposes
various flow obligations on the Upper and Lower Basins related to this apportionment scheme (although
the precise nature of these obligations is disputed). Below is a snapshot of the make-up of this water
rights scheme at the international, basin-wide (United States), sub-basin, and intrastate levels.

Focusing initially on Mexico, Article 10 of the U.S.–Mexico Treaty of 1944 establishes Mexico’s
entitlement to use 1.5 maf of water from the Colorado River mainstream annually. The Colorado
River Compact anticipates this entitlement in Article III(c) but does not quantify it. Article III(c) none-
theless obligates the Upper and Lower Basins to contribute water toward this treaty obligation as needed.
More specifically, if ‘surplus’ water does not exist for this purpose, then the sub-basins must make equal
contributions to supply Mexico’s entitlement. As discussed in the next section, the Upper and Lower
Basins disagree about how the existence of surplus water is determined (i.e. the meaning of ‘surplus’
water under Article III(c)).

At the basin-wide level within the United States, the Colorado River Compact confers water rights to
the Upper and Lower Basins as political units (i.e. as sub-basins) as described earlier. Articles III(a) and
(b) of the compact authorize the Upper Basin and Lower Basin to use 7.5 and 8.5 maf of water from the
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Colorado River system per year, respectively, a total of 16.0 maf. Article III(d) of the compact likewise
provides that the Upper Basin ‘will not cause the flow of the river at Lee Ferry to be depleted’ below
75.0 maf during any consecutive 10-year period. The Upper and Lower Basins disagree about whether
this provision imposes on the Upper Basin a delivery obligation or an obligation not to deplete (‘non-
depletion obligation’) vis-à-vis the Lower Basin.

Very distinct arrangements have been made in the Upper and Lower Basins for allocating the respect-
ive 7.5 and 8.5 maf entitlements conferred by the Colorado River Compact. The Upper Basin states have
apportioned their 7.5 maf entitlement – more specifically, the water available for use in conjunction with
this entitlement after satisfying the preceding compact flow obligations – on a percentage basis: Color-
ado, 51.75%; Utah, 23%; Wyoming, 14%; and New Mexico, 11.25%. These entitlements are set forth in
the Upper Colorado River Basin Compact formed in 1948. As discussed below, this compact – also
originating pursuant to the Compact Clause and joint efforts by the federal government and the
Upper Basin states – created a compact commission to administer this allocation scheme.

In contrast, the Lower Basin states were unable to come to terms on an analogous compact for their
8.5 maf entitlement. Instead, Article II(B) of the Supreme Court decree issued in Arizona v. California
entitles the Lower Basin states to use water from the mainstream of the Colorado River in set quantities
during normal years – Arizona, 2.8 maf; California, 4.4 maf; Nevada, 0.3 maf – and provides for per-
centage-based sharing of surpluses and an allocation method for shortages. To be clear, this
allocation scheme only governs water use from the Colorado River mainstream. It does not account
for water use from Lower Basin tributaries (e.g. the Gila River) and credit such use against the
states’ entitlements. The role of the Secretary of the Interior in administering this allocation scheme
is discussed later in this section. (Several provisions of the U.S. Constitution undergird the Secretary’s
authority to fulfill this role – that is, the federal government’s authority to construct and to operate the
infrastructure associated with implementing the allocation scheme – including the Commerce Clause,
Treaty Clause, Property Clause, and General Welfare Clause.) Additional information about the allo-
cation scheme, specifically, recent policy measures aimed at enabling the Lower Basin states and
water users therein to use their entitlements efficiently and flexibly, appears in the following section.

At the intrastate level, water users in the basin states hold diverse types of entitlements to use water from
the Colorado River and its tributaries. The common thread among these entitlements is that the water
afforded to users must be counted against the entitlement of the state in which the uses occur. Broadly
speaking, water rights held by water organizations (irrigation districts, municipal water suppliers, etc.)
and individual water users in each of the states exist in various forms under state law (e.g. water-use per-
mits issued by state water resource agencies or courts) and federal law (e.g. contracts formed with the
Secretary of the Interior for water deliveries from federal reclamation projects). In addition, there are
‘reserved rights’ established under federal law for particular types of federal lands – for example, national
parks, national recreation areas, national wildlife refuges, national forests, and Indian reservations
throughout the basin. These reserved rights derive from the Supreme Court’s landmark decisions in
Winters v. United States (Indian reserved rights) and Arizona v. California (federal reserved rights).

After the multi-layered allocation scheme just outlined had been formed, and the infrastructure needed
to implement it had been authorized or constructed, the spate of federal environmental laws alluded to
above came into existence. These laws now constitute important elements of the legal framework gov-
erning the Colorado River. The National Environmental Policy Act of 1969 is a salient example,
requiring federal agencies to prepare environmental-impact statements for ‘major federal actions signifi-
cantly affecting the quality of the human environment.’ Of arguably even greater importance is the
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Endangered Species Act (1973), which requires (1) the Secretary of the Interior to develop plans for the
conservation and survival of species listed as endangered or threatened under the Act (‘recovery plans’)
and (2) all federal agencies to ensure, in consultation with the U.S. Fish and Wildlife Service and
National Marine Fisheries Service, that their actions are not likely ‘to jeopardize the continued existence
of any listed species or result in the destruction or adverse modification of [its] critical habitat.’ In a
somewhat similar manner, the Grand Canyon Protection Act of 1992 requires the Secretary of the
Interior to operate Glen Canyon Dam in accordance with operating criteria and plans devised ‘to protect,
mitigate adverse impacts to, and improve the values for which Grand Canyon National Park and Glen
Canyon National Recreation Area were established.’ In fulfilling this mandate, however, the Secretary is
directed to act ‘in a manner consistent with and subject to’ the allocation-related provisions of the Law
of the River addressed above. With regard to water quality, the Colorado River Basin Salinity Control
Act (1974) – which stems from Minute 242 of the U.S.–Mexico Treaty – is a key law. As discussed in
detail below, this Act implements a basin-wide program for salinity control in the United States, includ-
ing setting numeric standards for salinity concentrations along Colorado River water at several points in
the Lower Basin.

Administrative entities

The laws identified in the discussion above establish a wide variety of federal, state, tribal, and local
entities charged with administering different aspects of the interstate water regime in the Colorado River
Basin. The material below wraps up this section by briefly surveying these entities according to their
respective areas of authority: (1) water allocation (generally), (2) tribal water rights, and (3) environ-
mental issues.

In the case of those entities with authority over water allocation within the United States, it is worth
noting at the outset that no basin-wide commission exists to administer the apportionment scheme estab-
lished by the Colorado River Compact. The federal and state representatives who negotiated the
compact, the ‘Colorado River Commission’, considered but ultimately declined to create such an
entity (Hundley, 2009). The Bureau of Reclamation nevertheless has been tasked with fulfilling the
far-reaching allocation-related responsibilities statutorily assigned to the Secretary of the Interior
throughout the basin. The Bureau operates water projects along the Colorado River mainstream and
tributaries in the Upper and Lower Basins, storing and delivering water to water organizations and indi-
vidual water users pursuant to contracts formed for this purpose. Such contracts include those entered
into by the Secretary of the Interior and various water organizations in Arizona, Nevada, and California
for storage of water in, and releases of water from, Lake Mead (‘Section 5 contracts’). The Bureau like-
wise bears responsibility for releasing flows from Glen Canyon Dam to fulfill the Upper Basin’s flow
obligation to the Lower Basin under the compact, coordinating these releases in sync with water levels
in Lake Powell and Lake Mead, and also for releasing treaty flows to Mexico. Other notable duties per-
formed by the Bureau include the preparation of annual operating plans for its dams and reservoirs
throughout the basin and annual accountings of water deliveries and uses along the Colorado River
mainstream in the Lower Basin.

Although the Secretary of the Interior (acting through the Bureau of Reclamation) is regarded as the
‘watermaster’ in the Lower Basin – based on the Secretary’s role in administering the allocation scheme
for Colorado River mainstream water set forth in the Arizona v. California decree – the Secretary does
not occupy a comparable position in the Upper Basin. Instead, the Upper Colorado River Commission, a
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joint federal–state compact commission, administers the Upper Basin allocation scheme. Created by the
Upper Colorado River Basin Compact, the commission consists of one representative from each of the
Upper Basin states and the federal government, all of whom share the same power and rights, including
with regard to voting processes. Article VIII of the Upper Basin compact outlines the commission’s
authority and responsibilities related to water allocation. By way of overview, they include (1) establish-
ing and operating water gauging stations in the Upper Basin; (2) making findings of water-use levels in
the Upper Basin, ‘the quantity of water deliveries at Lee Ferry during each water year,’ and any necess-
ary curtailments of water use by Upper Basin states; and (3) establishing procedures ‘[i]n the event
curtailment of use of water by the [Upper Basin states] at any time shall become necessary in order
that the flow at Lee Ferry shall not be depleted below that required by Article III of the Colorado
River Compact.’

Important entities involved in water allocation at the statewide and local levels also exist within each
of the basin states. Each state (except for Colorado, which uses a system of water courts) has a water
resources agency responsible for monitoring water-supply and water-use levels and issuing water
rights under state law. These water rights attach to, and thus exist within the confines of, the entitle-
ments held by the states to use water from the Colorado River and its tributaries. Most (although not
all) federal reclamation projects hold these state law-based water rights and thus operate according to
their terms (e.g. temporal priority). Equally important holders of these water rights are irrigation dis-
tricts and municipal water suppliers. Some such entities in the Lower Basin have entered into water
storage and delivery contracts with the Secretary of the Interior (i.e. pursuant to federal law) for extre-
mely large amounts of Colorado River water – for example, the Imperial Irrigation District, and
Metropolitan Water District of Southern California, although the former also holds certain perfected
water rights under state law.

With regard to administration of tribal water rights in the Colorado River Basin, these entitlements
pose unique allocation issues as fully discussed in the next section. Two types of entities are engaged
in administering these rights – specifically, (1) securing the water to which tribes are entitled based on
their reserved rights (via litigation) or negotiated settlements, and (2) allocating and managing this
water. First, tribes have established tribal water resources agencies with authority to undertake both
of these tasks (independently or in collaboration with other entities). Second, in fulfillment of the federal
government’s trustee obligations to tribes, the Bureau of Indian Affairs does both things as well. The
Bureau has embarked on a tribal water rights negotiation/litigation program and also has implemented
a water management, planning, and pre-development program aimed at providing technical assistance to
tribes.

The next section includes fairly detailed information about federal and state entities involved in
addressing environmental issues in the Colorado River Basin, so only a cursory overview appears
here. The U.S. Fish and Wildlife Service is a key actor in biodiversity protection efforts, responsible
for consulting with other federal agencies engaged in water-related actions in the basin that might jeo-
pardize species listed under the Endangered Species Act or adversely affect their critical habitat. The
Service is an integral participant in the three main biodiversity protection programs currently in place
in the basin: (1) the Upper Colorado River Endangered Fish Recovery Program, (2) the Glen Canyon
Dam Adaptive Management Program, and (3) the Lower Colorado River Multi-Species Conservation
Program. As for salinity control, the Bureau of Reclamation is the key entity in this realm, administering
a basin-wide program involving numeric standards and diverse projects aimed at reducing salinity levels
in the Colorado River and its tributaries.
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Contemporary challenges and potential responses

The full panoply of institutions discussed in the previous section is implicated by the various chal-
lenges currently facing Colorado River governance, challenges that call for innovation comparable to,
or arguably exceeding, that required at earlier stages of the interstate water regime’s evolution. The gen-
esis of these challenges can be traced to the existence of the institutions now encompassed within the
interstate water regime. Moreover, even though these institutions do not inherently preclude formulation
of innovative policy measures needed to forge ahead in the era of limits, their existence plainly dis-
tinguishes the policy-making process from one in which the interstate water regime were being
crafted anew. This perspective applies readily to potential responses devised for the contemporary chal-
lenges surveyed in this section: (1) balancing water supplies and demands and resolving historic
disagreements about the Colorado River Compact’s meaning, (2) providing water and water-project
funding to American Indian tribes in order to enable the creation of viable homelands, and (3) addres-
sing biodiversity protection and salinity control while simultaneously allowing for ongoing water use
and development. The material below examines these challenges and offers modest food for thought
about responding to them.

Balancing water supply and demand

The imbalance between water supplies and demands in and around the Colorado River Basin – an
imbalance projected to widen in the future – is arguably the pole-star dynamic of the era of limits. Allo-
cation issues have been a driving force in the evolution of the interstate water regime since the Colorado
River Compact’s formation, but the particular challenges facing contemporary policy-makers are in
some respects unprecedented. Bringing water supply and demand levels into balance itself promises
to be a monumental effort. But it also implicates varied interpretive disagreements between the
Upper and Lower Basins concerning the compact’s apportionment scheme. We discuss these two critical
issues in turn.

Allocation limits. In the drought conditions of the past decade, more water has been consumed from
the Colorado River system on average than has been supplied annually. Without changes in the status
quo, this pattern is projected to persist in the future. Which measures should policy-makers pursue to
resolve this imbalance? Several innovative policies have emerged in the Lower Basin in recent years
to facilitate efficient and flexible water use by entitlement holders. These innovations might serve as
models for more far-reaching instruments (both geographically and conceptually) going forward, and
even more novel responses also might be envisioned and implemented. This fundamental challenge
makes up our initial focus.

The hydrology material in the previous section included a slew of information regarding the imbal-
ance between water supplies and demands in and around the Colorado River Basin. Some of the key
figures are worth reiterating. Average annual flows at Lees Ferry were roughly 15.0 maf during the
past century as per the historical record; the reconstructed paleo record places the 1,250-year average
at 14.7 maf; and climate-change models project a future average of 13.7 maf (although 12.7 maf is
the median in these models) (U.S. Bureau of Reclamation, 2012c). Trends in water use run in the oppo-
site direction. Annual water use basin-wide rose from roughly 13.0 to 16.0 maf between 1971 and 1999
and decreased to approximately 15.0 maf in 2010 due to drought conditions (U.S. Bureau of
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Reclamation, 2012c). As noted, these water-use levels account for roughly 4.0 maf in evaporation losses
and deliveries to Mexico annually, and do not reflect the use of water from tributaries in the Lower
Basin, including the 3.0 to 3.5 maf of water used or lost along the Gila River in recent years (U.S.
Bureau of Reclamation, 2012a, b, c, d). Ultimately, given water-demand projections for the next 50
years – which again anticipate basin-wide demands increasing to between 17.1 and 20.1 maf annually –

the Bureau of Reclamation has estimated a ‘long-term imbalance in future supply and demand [of]
about 3.2 maf by 2060’ (U.S. Bureau of Reclamation, 2012c). This projected imbalance poses the pro-
spect of annual shortfalls of more than one-trillion gallons emerging over the next 50 years.

Policy-makers grappling with this formidable supply–demand imbalance might find useful models in
three innovative measures developed in the Lower Basin during the past 15 years to help water users
utilize their entitlements efficiently and flexibly.

The first notable measure is the Lower Basin water banking program. Established by federal regu-
lations in 1999, this program authorizes water users in the Lower Basin to form agreements with the
Secretary of the Interior that provide for off-stream storage and subsequent release of unused portions
of their entitlements to Colorado River mainstream water governed by the Arizona v. California decree.
Entitlement holders who store unused portions of their entitlements generate credits for doing so –

dubbed ‘intentionally created unused apportionment’ – and may later request the Secretary of the
Interior to release the water associated with these credits to other entitlement holders in the Lower
Basin as per the terms of an agreement. The program thus offers entitlement holders an incentive to
use water efficiently and therefore serves as a valuable reference point for the design of potential
basin-wide or Upper Basin water banks. Overall, broad-based implementation of water banks through-
out the Colorado River Basin seems worth considering as a potential response to the supply–demand
imbalance.

A similar sentiment applies to the second innovation in the Lower Basin: the Quantification Settle-
ment Agreement formed in 2003. The genesis of this agreement traces back to sustained efforts by
the basin states during the late 1990s aimed at enabling California to decrease its annual use of Colorado
River mainstream water from 5.2 to 4.4 maf (i.e. the state’s basic entitlement under the Arizona
v. California decree). The agreement called for three key actions: (1) quantification of the entitlements
held by major irrigation districts in southern California (which together made up 3.85 maf of Califor-
nia’s 4.4 maf entitlement); (2) lining of the All-American and Coachella Canals used by these
irrigation districts; and (3) large-scale water transfers from the irrigation districts (e.g. upwards of
511,200 acre-feet to be transferred from Imperial Irrigation District) to urban areas on the southern Cali-
fornia coastal plain. The adjoining canal lining and agriculture–urban transfer elements of this
agreement are key measures on which policy-makers contending with the supply–demand imbalance
should reflect.

The third innovative measure recently put into place in the Lower Basin is the Intentionally Created
Surplus program established by the 2007 Interim Guidelines. This program (and the guidelines as a
whole) emerged from a collaborative effort between the basin states and the Secretary of the Interior
to address the effects of drought in the Colorado River Basin over the past decade. The program
allows entitlement holders that draw water from the Colorado River mainstream in the Lower
Basin – again, as governed by the Arizona v. California decree – to earn credits for (among other
things) land fallowing, canal lining, and capital contributions to system-efficiency projects. In turn,
these parties can arrange for the Secretary of the Interior to deliver the water afforded by these credits
in subsequent years, except during shortage conditions (i.e. when less than 7.5 maf of mainstream
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water is available for release). Like the water-banking regime, this program offers entitlement holders
an incentive to make efficient use of their water and therefore seems potentially worth implementing
on a broader scale.

The three measures just discussed pose a controversial but seemingly salient question: has the time
come to establish an interstate water market in the Colorado River Basin, basin-wide, or perhaps in
the Upper Basin or Lower Basin alone? In the past, the prospect of establishing a basin-wide water
market has prompted resistance from the Upper Basin states, including assertions that such a scheme
would violate the Colorado River Compact and other components of the Law of the River (Lindgren,
2000; Lochhead, 2001; Grant, 2008). No doubt the compact’s provisions – for example, the flow obli-
gations in Article III(c) and (d) – would have to be accommodated in some manner in the formulation
and implementation of the scheme. Nonetheless, various stakeholders have expressed support for such
an institution, including American Indian tribes interested in engaging in broad-based off-reservation
water leasing. Although the precise amount of water that might be conserved through implementation
of an interstate water-marketing scheme is uncertain, the Bureau of Reclamation has estimated that as
much as 1.0 maf in annual savings might be yielded through a broad-based program of agricultural con-
servation measures incentivized by water transfers throughout the basin (U.S. Bureau of Reclamation,
2012c). Critical to the success of any such program, and that of an interstate water market in particular,
is a reduction in the proportion of water utilized to grow low-value crops in the basin – that is, a tran-
sition from low-value to high-value uses facilitated by voluntary exchanges on a basin-wide scale.
Ultimately, assuming arguendo that sufficient political will now exists to entertain the idea of a
basin-wide (or sub-basin) water market, how exactly might it be designed? Which type of entity
should administer it? A federal entity (e.g. the Bureau of Reclamation) might be most efficient, but a
joint federal–state entity (e.g. similar to the Upper Colorado River Commission) might be politically
expedient. These issues and a host of related others will need to be addressed by policy-makers in
order to formulate and implement an interstate water market in the basin going forward, a process
that could be completed in as few as 15 years according to the Bureau of Reclamation if (again) the
requisite political will exists to embark on this undertaking (U.S. Bureau of Reclamation, 2012c).

Of course other measures beyond interstate water marketing are worth considering to address the
supply–demand imbalance, including an array of demand-management options, some of them already
being implemented. Municipal conservation programs involving infrastructure retrofitting and xeriscap-
ing seem worthwhile (Cohen, 2011). In the agricultural sector, installing new technologies (e.g. drip
irrigation) and replacing low-value crops with high-value ones likewise seem worth pursuing. Water-pri-
cing reforms also hold potential for conservation savings, as do reuse programs for municipal and
agricultural wastewater. Last but not least is conjunctive use: increased underground storage of Colorado
River water could reduce evaporation losses markedly, especially in the arid Lower Basin. Some of these
measures might be integrated into a system resembling an expanded version of the Intentionally Created
Surplus program whereby entitlement holders could earn transferrable credits for relevant activities.

Supply-augmentation options also should not be placed off the table categorically, notwithstanding
their potentially high costs, intensive energy requirements, questionable political viability, and harmful
environmental impacts. While implicating all of these dynamics, desalination plants in coastal and non-
coastal areas nonetheless might be worthwhile in some circumstances, particularly if sited near major
metropolitan areas like Los Angeles and San Diego. Additional supply-side options of greater or
lesser potential include large-scale trans-basin import schemes, iceberg towing, tanker deliveries, and
weather modification (cloud seeding).
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Ultimately, there is no single solution to the water supply–demand imbalance. A diversified policy
portfolio consisting of different combinations of the foregoing measures (and others) seems the most
secure approach (U.S. Bureau of Reclamation, 2012c). Existing innovations in the Lower Basin provide
useful models for expanded versions of water banks and markets on the sub-basin and/or basin-wide
scales but, as noted, the issue of political will bears immeasurably on the viability of any such expan-
sions and associated integration of demand- and supply-side options like those noted above. Political
viability is, of course, one of numerous criteria that must be considered to evaluate the relative
merits of different policy options and portfolios aimed at addressing the supply–demand imbalance.
Costs are an interconnected and equally significant concern – for example, the discrepancy in costs
incurred from construction and operation of desalination plants versus those associated with leasing
arrangements under which water slated for low-value agricultural uses flows instead to high-value
municipal and industrial uses. Implementation time, too, is a relevant criterion, one key dimension of
which concerns the scope of changes that need to be made to existing laws framing the interstate
water regime in order for particular policy options (e.g. a basin-wide water market) to become a reality.

Allocation tensions. The imbalance between water supplies and demands in the Colorado River Basin
would be challenging enough to address if the interstate water regime were just now being designed by
the basin states and federal government. Any notion of a blank slate, however, is illusory. As surveyed
above, the regime’s history spans almost a century, and throughout this period long-standing disagree-
ments have arisen between the Upper and Lower Basin states about the terms of the apportionment
scheme established by the Colorado River Compact. The supply–demand imbalance promises to aggra-
vate these historical allocation-related tensions, and the material below offers an overview of two of the
most pressing issues.

The first issue concerns whether the Upper Basin has a delivery or non-depletion obligation vis-à-vis
the Lower Basin under Article III(d) of the Colorado River Compact. This Article provides that ‘[t]he
States of the Upper Division will not cause the flow of the river at Lee Ferry to be depleted below an
aggregate of 75,000,000 acre-feet for any period of ten consecutive years reckoned in continuing pro-
gressive series….’ Construed from a Lower Basin perspective, this provision imposes a firm delivery
obligation: the Upper Basin states must collectively deliver 75.0 maf of water at Lee Ferry during
every consecutive 10-year period – an annualized delivery obligation of 7.5 maf – regardless of potential
decreases in flow levels and the underlying reasons for such decreases (CRGI, 2012). In contrast, view-
ing Article III(d) from an Upper Basin perspective (or at least the perspective of some Upper Basin
states), this provision imposes only an obligation not to deplete the river at Lee Ferry below the pre-
scribed 75.0 maf level (CRGI, 2012). The general notion here appears to be that if decadal flows at
Lee Ferry fall below this level due to climate change and associated reductions in water supplies –

that is, rather than because of water use (depletions) by the Upper Basin states – then Upper Basin
water users cannot be expected to bear the full brunt of these reduced flows. This position apparently
necessitates a reliable methodology and corresponding data for assessing the precise extent to which
future reductions in Lee Ferry flows are attributable to climate change.

Directly implicated by this issue of Article III(d)’s interpretation is the overarching concern of how
much water the Upper and Lower Basins should be entitled to consumptively use from the Colorado
River system, respectively, given the discrepancy that exists (and is projected to widen) between the
amount of water allocated by the Colorado River Compact and average annual flows in the basin (Loch-
head, 2001; CRGI, 2010; Robison & Kenney, 2012). Although the compact apportions 16.0 maf to the

J. Robison et al. / Water Policy 16 (2014) 12–57 41



Upper and Lower Basins (7.5 and 8.5 maf, respectively), the reconstructed paleo record again reveals a
1,250-year flow average of 14.7 maf at Lee Ferry, and climate-change models project future average
annual flows of 13.7 maf, with 12.7 maf being the median of these projections (U.S. Bureau of Recla-
mation, 2012c). Ultimately, if Article III(d) is interpreted as imposing a firm delivery obligation on the
Upper Basin, assuming annualized deliveries of 7.5 maf, then the Upper Basin states will be able to con-
sume only 6.2 maf of their 7.5 maf entitlement in the event of 13.7 maf of annual flows, and 5.2 maf of
this entitlement assuming flows of 12.7 maf, while the Lower Basin states will be entitled to use their
full allocation of 8.5 maf as well as potentially additional ‘untitled’ water – that is, water available for
use in the Lower Basin in excess of the 8.5 maf entitlement.

This potential discrepancy between Upper and Lower Basin water use may be further exacerbated by
a second issue: how should the use of water from tributaries in the Lower Basin – particularly, the Gila
River – be accounted for under the apportionment scheme established by the Colorado River Compact?
Does the 16.0 maf apportioned to the Upper and Lower Basins encompass water use from these tribu-
taries? Or does the compact’s scheme exclude this water use? This unresolved issue has loomed for
quite some time (Getches, 1985; Carlson & Boles, 1986; Clyde, 1986; Hundley, 2009). Its significance
is at least twofold. If the compact requires accounting for water use along the Lower Basin tributaries,
then the annual amount of such use must be considered when assessing (1) whether water-use levels in
the Lower Basin fall within or beyond the 8.5 maf entitlement and (2) whether ‘surplus’ water exists in
the Colorado River system to supply Mexico’s treaty entitlement under Article III(c).

The basin states’ views on this issue directly conflict. For decades, Arizona has staunchly advocated
for exclusion of the Lower Basin tributaries from the compact’s apportionment scheme, an unsurprising
position given water users’ heavy reliance on Gila River flows within that state. In line with this per-
spective, perhaps the Supreme Court’s decision in Arizona v. California – which, as noted, governs
water use from the Colorado River mainstream in the Lower Basin but leaves unregulated water use
from the Lower Basin tributaries – might set a precedent for similar treatment of the tributaries
under the compact. In a similar manner, the Lower Basin contends that ‘surplus’ water – as this term
is used in Article III(c) to denote the first source of supply for treaty flows – consists of water over
and above the 16.0 maf apportioned collectively to the Upper and Lower Basins. The Upper Basin
states take contrary positions on both issues. They emphasize the inclusion of the Lower Basin tribu-
taries within the term ‘Colorado River System’ as this term is incorporated into the framing
provisions of the compact’s apportionment scheme in Article III. They also assert that water used in
the Lower Basin in excess of that sub-basin’s 8.5 maf entitlement constitutes ‘surplus’ water under
Article III(c) that must be used to supply Mexico’s treaty entitlement (and thereby proportionately
relieve the Upper Basin of its obligation to contribute treaty flows).

Thus the status of the Lower Basin tributaries under the Colorado River Compact is also inextricably
intertwined with the overarching concern regarding the Upper and Lower Basins’ relative positions
within the compact’s framework. All told, if the Upper and Lower Basins are required to make equal
contributions of 0.75 maf annually toward Mexico’s treaty entitlement under Article III(c) (based on
the ‘surplus’ water issue), the corresponding amounts of water available for use from the Upper
Basin’s 7.5 maf entitlement will be 5.45 maf in the event of 13.7 maf of average annual Lee Ferry
flows and 4.45 maf if these flows drop to 12.7 maf. Both of these figures assume average annual deliv-
eries of 7.5 maf under Article III(d).

To what extent do the apportionments of water between the Upper and Lower Basins discussed here
(or in similar scenarios) comport with the principle of equity underlying the Colorado River Compact, a

J. Robison et al. / Water Policy 16 (2014) 12–5742



spirit embodied in the compact’s first-stated purpose: ‘to provide for the equitable division and appor-
tionment of the use of the waters of the Colorado River System’ (Robison & Kenney, 2012)? One
potential response from the Lower Basin is that the Upper Basin assumed the risk of potential curtail-
ments in the amount of water use available in conjunction with its 7.5 maf entitlement by accepting flow
obligations to the Lower Basin and Mexico. But might this viewpoint be softened by taking into account
the incomplete annual flow data that existed in 1922 when the compact was formed as well as the unan-
ticipated impacts of climate change? If so, what exactly should an equitable apportionment look like
now, and how might it be brought into effect? Serious consideration of these questions is warranted
at the present time as the unresolved interpretive issues surrounding the compact portend additional
strife among the basin states as the supply–demand imbalance persists.

As for resolving the foregoing compact-related tensions between the Upper and Lower Basins, a
range of potential alternatives exists. Supreme Court litigation is one option, but uncertainty and risk
(among other challenging dynamics) are inherent in it. However sure-footed they may seem, the con-
flicting positions of the Upper and Lower Basins are not foolproof regarding the nature of the Upper
Basin’s delivery or non-depletion obligation, the status of the Lower Basin tributaries under the com-
pact, and the meaning of ‘surplus’ water as it bears on treaty water deliveries. In lieu of litigation,
perhaps the interpretive conflicts might be navigated via collaborative policy efforts aimed at rectifying
the supply–demand imbalance. If such measures enabled the basin states to stretch water supplies
through demand management – or provided compelling opportunities for supply augmentation —

that dynamic might motivate the basin states to invest their energy into developing these measures
via informal consultations and negotiations. As formalized in written agreements, these measures
could of course include provisions noting and preserving the basin states’ disagreements concerning
the Colorado River Compact’s interpretation, a practice recently employed in the 2007 Interim Guide-
lines. Of equal promise is the prospect of tailoring the measures to enable policy trade-offs whereby the
Upper Basin states might agree to a policy favored by the Lower Basin states (e.g. pertaining to treaty
flow contributions) in exchange for reciprocal consideration on a related interpretive matter (e.g. fulfill-
ment of the Upper Basin’s delivery or non-depletion obligation).

Tribal water rights and projects: ‘Wet Water’ for American Indian tribes

Closely related to the allocation issues identified in the discussion above is the challenge of providing
water and water-project funding to diverse American Indian tribes located on reservations throughout the
Colorado River Basin. What are the optimal measures for securing tribal water supplies and projects while
minimizing the negative impacts (and related animosity) associated with doing so in the basin states – par-
ticularly as regards non-Indian communities that may be affected by particular measures? The unique
relationships between the federal government, the basin states, and the tribes warrant the examination
of this distinct allocation-related challenge as a free-standing priority in contemporary times.

The significance of the prevalence of Indian lands in the Colorado River Basin bears reiterating. As
highlighted in the previous section, more than 30 Indian reservations are situated partly or fully within
the basin, constituting a land base of approximately 30 million acres, equivalent to 16.5 percent of the
total basin (Brown & Weatherford, 1986; MacDonnell, 2009). The largest of these reservations is occu-
pied by the Navajo Nation and spans more than 27,000 square miles (roughly the same size as West
Virginia) in the Four Corners region. Unfortunately, adequate water infrastructure does not exist in
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vast areas of these reservations, and inadequate domestic water systems (including plumbing) remain a
pervasive problem (Colby et al., 2005).

Tribes located on reservations throughout the basin possess water rights under federal law, ‘reserved
rights,’ as noted earlier. These reserved rights are often high-priority (senior) rights and theoretically
entitle tribes to use large quantities of water from the Colorado River system. Even though these
rights are written on paper, the process of establishing and quantifying reserved rights has been challen-
ging for many tribes. For example, although Winters v. United States was decided in 1908, the first
reserved rights of tribes in the basin were not confirmed and quantified until more than half a century
later, in Arizona v. California (1963). During the following decade, the Supreme Court held that state
courts have concurrent jurisdiction to assess the existence and scope of these rights when they are at
issue in broad-based proceedings called general stream adjudications that often take decades to com-
plete. Subsequent decisions by state and federal courts involving these rights – that is, interpreting
different aspects of the reserved-rights doctrine – have made it somewhat uncertain how tribes will
fare if they enter into litigation to establish and quantify their rights (Anderson, 2010). One particularly
noteworthy issue concerns risks and uncertainty posed by the practicably irrigable acreage (PIA) stan-
dard announced by the Supreme Court in Arizona v. California as a method for quantifying tribes’
reserved rights. The precise terms of the PIA standard and the precise manner in which this standard
applies in different contexts are matters that have been hotly contested in litigation and over which
the Supreme Court ultimately wields power in terms of shaping (including modifying the existing
form of) the doctrine in future cases (Mergen & Liu, 1997). Finally, despite its legal obligation to
serve as a trustee for tribes, the federal government’s fulfillment of its trustee responsibilities in the con-
text of water-rights litigation has been subject to criticism, including allegations of inadequate
representation due to conflicts of interest (Anderson, 2006).

Complicating matters further for tribes has been a pattern of historical underfunding of the Bureau of
Indian Affairs, the primary federal agency tasked with implementing tribal water projects. Even assum-
ing a tribe in the Colorado River Basin is capable of having its reserved right recognized and quantified
in a favorable (or at least acceptable) manner in litigation, the Bureau’s dearth of funding would, in at
least some, and perhaps in many cases, prevent construction of a water project through which the tribe
could make use of the water to which it was entitled under its reserved right. ‘Thus the promise of Win-
ters became a question of funding; would the Congress allocate sufficient funding to allow tribes to
utilize their reserved water fully? The answer, history tells us, is an unqualified no’ (McCool, 2002).
A key consideration coming into play in relation to both patterns just noted – tribes’ difficulties in

having reserved rights recognized and quantified through litigation as well as securing water-project
funding – has been the effects of increased tribal water use on the basin states in general and non-
Indian communities located within these states in particular. Because any Colorado River water used
by tribes must be credited against the entitlement of the state in which the use occurs – pursuant to
the Upper Colorado River Basin Compact in the Upper Basin, and the Arizona v. California decree
with respect to the Lower Basin mainstream – the basin states’ development plans may be impeded
by recognition and quantification of reserved rights and provision of water through tribal water projects.
Closely related issues in this realm include the potential reallocation of large quantities of water to tribes
from non-Indian communities that historically have relied on such water or, alternatively, the prospect of
these non-Indian communities having to pay tribes for continued use of the water (McCool, 2002).

Tribal water rights settlements are the primary vehicle that has emerged for navigating all of the fore-
going dynamics (McCool, 2002; Colby et al., 2005). Initially appearing in the late 1970s, such
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settlements have been formed with 14 tribes in the Colorado River Basin as of August 2013, with the
majority of these agreements dating from the 1990s and the past decade (NARF, 2013). The settlements
broadly entail tribes relinquishing a portion of the water use theoretically afforded by their reserved
rights – that is, a portion of the water use that might be legally apportioned to the tribes if their reserved
rights were established and quantified in litigation – in exchange for a quantified entitlement to use a
lesser amount of water and secured funding for tribal water projects. The terms of these settlements
are malleable (Colby et al., 2005). Among other features, they can be crafted to authorize tribes to
engage in off-reservation water marketing (leasing, not sale), subject to restrictions on the geographic
area, leasing parties, and duration of leases. Such water-marketing provisions offer an incentive for
tribes to use water efficiently in order to lease conserved water to off-reservation interests in exchange
for compensation. These provisions also potentially may quell resistance by non-Indian water users, par-
ticularly those who are positioned to enter into leasing agreements.

Nonetheless, even though tribal water rights settlements hold promise as a way for tribes in the
Colorado River Basin (and elsewhere) to obtain wet water from their paper rights, they are not a flaw-
less solution to this challenge. First, they are costly and time-consuming, even if less so than litigation
(McCool, 2002). Second, as noted, they may entail relinquishing part of the water use afforded by
tribes’ reserved rights – that is, the secured entitlement may be noticeably less than what could
have been obtained in litigation (although the converse is also true). Third, they may prioritize award-
ing tribes funding rather than new water diversions (wet water), such that the short-term value of
settlement funds may over time fall short of the long-term value of water resources that have been
relinquished or those that have been retained but go unused (McCool, 2002). Fourth, the water-mar-
keting restrictions in settlements may preclude or inhibit tribes from leasing their water rights for ‘top
dollar’ in the future if a basin-wide (or sub-basin) water market eventually is established to address
the supply–demand imbalance in the basin as discussed earlier (McCool, 2002). It is also worth men-
tioning that Congress has the power to unilaterally amend or terminate these settlements in the future,
although the federal government might face liability for its impact on tribal water (property) rights,
were it to do so.

The foregoing concerns surrounding tribal water rights settlements are far from a ‘dead letter’ in the
Colorado River Basin today. A variety of tribes already have entered into these settlements as noted
above, but tribes possessing some of the largest reserved rights have not formed, finalized, or
implemented such agreements. The Navajo Nation is a chief example. A settlement is currently pend-
ing between it and New Mexico that allocates to the tribe more than 600,000 acre-feet of diversions
and 325,670 acre-feet of depletions from the San Juan River annually (NNWRC, 2013). Across the
border in north-eastern Arizona, the Navajo Nation, Hopi Tribe, and State of Arizona likewise have
tried unsuccessfully for several years to form a settlement addressing tribal water use from the Little
Colorado River and other sources. One such agreement, the Northeastern Arizona Indian Water Rights
Settlement Agreement, would have allocated 191,000 acre-feet annually to the tribes (160,000 acre-
feet from the Little Colorado River and 31,000 acre-feet from the Colorado River mainstream)
(NNWRC, 2011). The Navajo Nation has also entered into discussions with Utah in recent years
regarding the tribe’s rights to water in that state, tentatively, 81,500 acre-feet per year (O’Donoghue,
2012).

In sum, tribes throughout the Colorado River Basin have favored negotiated settlements during the
past 30 years as the primary instrument for translating their paper rights into wet water, but, like virtually
every facet of Colorado River governance, these settlements inherently are second-best solutions. Time
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will tell if they indeed are the optimal vehicle for basin tribes to secure the water supplies, projects, and
related revenue needed to create viable homelands.

Environmental issues: biodiversity protection and salinity control

Like tribal water rights issues, two significant environmental challenges in the Colorado River Basin
have been sources of dynamic, often contentious, federal–state relations in recent decades: biodiversity
protection and salinity control. These challenges share two common features. Both rose to the fore at the
cusp of the era of limits, and both pose complications for existing and prospective development in and
around the basin. Notwithstanding these shared attributes, an important distinction between these chal-
lenges concerns the formulation of suitable responses to them. In short, whereas high salinity is
uniformly and quantifiably undesirable for all types of water users, assigning a value to an ecosystem
is largely a subjective and values-based exercise. Thus, while salinity issues have been managed through
a single federalized, basin-wide program generally regarded as successful to date, the three major bio-
diversity protection programs in the basin involve distinct missions and governance structures but share
common track records of mixed success. The discussion below sheds light on the make-up and future of
these programs as well as the environmental issues underlying them.

Biodiversity protection. As rapid development of the Colorado River system for human use so domi-
nated the water ethos in the basin during most of the twentieth century, aquatic and riparian ecosystems
had been in decline for some time before environmental concerns became prominent in public discourse
in the United States during the late 1960s and early 1970s. The series of federal environmental laws
surveyed in the previous section emerged (and has continued to evolve) commensurate with this shift
in values. Founded on these laws are three major programs addressing biodiversity loss and habitat
degradation in the basin today. All share an overarching challenge: integrating a key contemporary
value (and related stakeholders) into an interstate water regime originally framed without it.

From an ecological perspective, the Colorado River arguably is ‘a river no more,’ and this consider-
ation lies at the core of biodiversity protection as a contemporary challenge (Fradkin, 1981). Prior to the
Big Buildup, the river was warm, turbid, and relatively salty, with intense variation in seasonal flows.
Flooding events in the spring and early summer flushed tons of sediment through the system and inun-
dated floodplains. In the dry season, flood waters receded and the river slowed, dropping sediments to
build sandbars and sheltered backwater pools. These hydrological peculiarities fostered the development
of ecosystems uniquely suited to warm, murky waters with periodic flooding, drought, scouring, and
deposition events. The Big Buildup entailed a massive, system-wide alteration of the natural hydro-
graph. Dams now smooth out seasonal flow extremes for flood control and water storage, but also
trap enormous amounts of sediment and debris in deep, cold reservoirs. Pronounced fluctuations in
daily flow likewise occur when reservoir releases are tailored to hydropower demands. Non-native
species – particularly, sport fish – also pervade many areas in the basin as recreational fishing has
become an important part of the social and economic life of many communities. These non-native
fish compete with endemic species for food and spawning sites and often aggressively prey on native
young. Overall, the biological adaptations that facilitated survival under the harsh conditions of the
undeveloped river are simply less suited to the ecological realities of the developed river, and native
species have been outcompeted by less-specialized invaders for decades.
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Aimed at addressing the foregoing challenges in the Upper Basin, while simultaneously enabling
future water development to occur, is the Upper Colorado River Endangered Fish Recovery Program
established in 1988 (UCREFRP, 2013). This program provides legal compliance for water projects in
the Upper Basin under the Endangered Species Act. Its focus is limited to four native fish species
that it seeks to recover to non-endangered status. With an annual budget of roughly $10 million, the
program is overseen and primarily financed by federal agencies, although power interests and Upper
Basin state agencies also contribute sizable funding. In total, 13 stakeholder groups are involved as ‘pro-
gram partners,’ including two environmental NGOs. Interactions between federal agencies and state and
power entities tend to be collaborative rather than confrontational, despite the existence of conflicting
interests, because of a shared goal of avoiding litigation. Nonetheless, after more than 20 years of
effort and expense – including extensive captive-breeding and habitat-restoration efforts – the program
has met with only mixed success. Some fish populations have stabilized or improved modestly, but most
of these populations are not self-sustaining, and one species is still in decline. The program is the long-
est-running of its kind in the basin, but critics perceive it as substantively ineffective, prompting charges
of wastefulness and unnecessary federal meddling from some detractors and of spinelessness and over-
compromise from others (Adler, 2007a, b).
Similar criticisms and underlying challenges face the Upper Basin program’s nearest counterpart

downstream: the Glen Canyon Dam Adaptive Management Program, established pursuant to the
Grand Canyon Protection Act in 1997 (U.S. Geological Survey, 2007). This program aims to protect
native species and ecosystems in the stretch of river between Glen Canyon Dam and Lake Mead,
although it does not contemplate a return to pre-development conditions in this area. The program’s
key feature is development of a dam- and reservoir-operation protocol optimized to accommodate
hydropower needs while mimicking the natural hydrograph, including flooding events to transport sedi-
ment and restore habitat. With an annual budget of roughly $11 million – funded by hydropower
revenues (primarily) and federal appropriations (secondarily) – the program is governed by a consen-
sus-driven advisory committee that includes five federal agencies, the basin states, five tribes, two
environmental NGOs, two recreation groups, and two contractors for federal power from Glen
Canyon Dam. As with the Upper Basin program, its 24 stakeholder groups represent diverse and
often conflicting interests. The program is lauded for its inclusiveness and adaptive, scientific approach
to complex ecological problems, but derided for its lack of clear results, complicated decision-making
processes, and reliance on hydropower revenues (Adler, 2007a; Feller, 2008).

A final illustration of the contemporary challenge of biodiversity protection in the basin comes from
the Lower Colorado River Multi-Species Conservation Program (Swett, 2012). Initiated in 2005, this
program provides legal compliance under the Endangered Species Act to a wide range of water projects
located below Hoover Dam in the Lower Basin. The program is intended to accommodate current and
future water uses in this area by mitigating their effects on species and habitat, but its mission is solely
the conservation of these species and habitat, not their recovery. The program is governed by a 57-
member, consensus-based steering committee consisting of five federal agencies, three states, dozens
of regional water-use groups, one environmental NGO, and various tribal, power, and recreation inter-
ests. An important element of the program is its buy-up of riparian land for ecological preserves for
native species, a measure touted as progressive and practical, considering the extensive development
in the area. Also cited as program strengths are an up-front lifetime-cost cap and an uncomplicated fund-
ing scheme, with the Bureau of Reclamation financing half of the 50-year program budget of $626
million and the Lower Basin states of California, Arizona, and Nevada covering the balance. Critics
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regard these features as inflexible and exclusionary, however, effectively diminishing the voice of non-
funding parties on the steering committee. They also find fault with the program’s assertedly resigning
native species to slow loss in the covered area and deliberately excluding the Mexican Delta from eco-
logical consideration (Adler, 2007a, b).
The existence and composition of the three programs surveyed here reflect the critical, but very

complex, challenge of integrating biodiversity protection as a value into Colorado River governance
during the era of limits. Their pluralistic governance structures, consensus-based decision-making pro-
cesses, and funding schemes have not only raised questions of efficiency and fairness, but have
virtually guaranteed conflicts of interest among stakeholders. Of related (and ultimate) importance
is again the basic fact that all of the programs have enjoyed mixed success at best in actually protect-
ing native species and habitat. Paradoxically, it seems each program is simultaneously guilty of doing
too little and too much, with differing judgment calls made in accordance with the distinct values of
stakeholders.

Informed by valid constructive criticisms of the existing programs, policy-makers in the Colorado
River Basin will need to think intently about the extent to which the programs provide models for
accomplishing biodiversity protection goals in the future. The programs’ inclusive, democratic nature
seems promising for facilitating dialogue among diverse stakeholders, harnessing local knowledge to
craft well-tailored measures for specific issues, and instilling a sense of ownership over agreed-upon
actions and thereby easing implementation. But are programs with governance structures and
decision-making processes cast in this mold doomed to fall short of the legal mandates they are obli-
gated to fulfill (e.g. those prescribed by the Endangered Species Act, Grand Canyon Protection Act,
or otherwise)? A related question concerns the scope and organizational structure of these programs.
Are heavily integrated, broad-based, federalized programs optimally suited for addressing the diverse
ecological conditions in the basin, or might smaller-scale, narrowly focused decentralized approaches
yield better results? Answers are likely to emerge from the successes and failures of the existing pro-
grams. As a threshold matter, however, it seems reasonable to expect policy-makers engaged in
developing and implementing biodiversity programs in the basin to strive for transparency – specifi-
cally, through (1) candid acknowledgment of the potential irreconcilability of additional water
development and protection of native species and habitat and (2) full disclosure of the rationales under-
lying specific decisions concerning the programs’ design and implementation.

Salinity control. Salinity issues may have been handled with greater success thus far in the Colorado
River Basin, but, like biodiversity protection, they share the potential to curtail the scope of viable devel-
opment going forward. How, if at all, can the basin states continue to meet existing salinity standards
while engaging in additional water development? The discussion below illuminates this challenge.

Salinity control emerged as an increasingly pressing concern commensurate with rapid settlement and
agricultural development of the basin during the Big Buildup. Although the Colorado River is naturally
salty (due to salt-bearing geological formations underlying the basin), more than half its current salt load
is estimated to derive from human use, with two-thirds of this amount coming from agricultural run-off
(Jacobsen, 2012). Salinity levels in the river have been much higher than in contemporary times, how-
ever, and the emergence of the key laws addressing salinity control stems from this fact. In the early
1960s, the salinity levels of water delivered at the Mexican border exceeded 1,200 milligrams per
liter (mg l�1) after completion of a drain from the Wellton–Mohawk project in south-western Arizona
to the Colorado River mainstream. Against the backdrop of resulting threats from Mexico to bring a
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lawsuit in the World Court, the two countries negotiated Minute 242 of the U.S.–Mexico Treaty of
1944, which came into force in 1973 and requires the United States to guarantee that salinity concen-
trations of water delivered at the international border will not be more than 115+ 30 mg l�1 higher than
those at Imperial Dam. One year later, the Colorado River Basin Salinity Control Act was enacted, and
domestic salinity criteria subsequently were established (stemming from the Clean Water Act) to govern
salinity concentrations at prescribed points along the Colorado River mainstream in the Lower Basin –

specifically, 723 mg l�1 below Hoover Dam, 747 mg l�1 below Parker Dam, and 879 mg l�1 at Imperial
Dam (U.S. Bureau of Reclamation, 2011d).

The basin states have not yet violated the salinity criteria during the (roughly) four decades since
their adoption, in large part because of the implementation of an integrated federal salinity-control pro-
gram. Although the Colorado River Basin Salinity Control Act (and subsequent amendments thereto)
authorized the Secretary of the Interior and the Secretary of Agriculture to undertake various salinity
control measures, it was not until 1996 that the current, coordinated effort was established, largely
through funding provided in that year’s farm bill. The lead agency for these basin-wide measures is
the Bureau of Reclamation. Its Colorado River Basin Salinity Control Program spearheads the effort.
The aim is to reduce salt loading from all sources, undertaking projects directly and cost-sharing
with private entities to do so via a competitive bidding process. With annual budgets of around
$12 million and $17 million, respectively, the Bureau’s and the Department of Agriculture’s branches
of the program constitute the bulk of expenditures. Both are funded overwhelmingly by federal appro-
priations (i.e. ultimately by federal taxpayers), but some state funds are involved as well, mostly from
Lower Basin states eager to reduce downstream salt levels (USDA, 2009). All components of the pro-
gram have met yearly reduction targets through projects focusing on natural and anthropogenic sources,
including lining irrigation canals and plugging flows from saline springs. Almost all projects are located
in the Upper Basin, the primary source of the salt loading. Overall, this coordinated program is widely
considered a model of an effective federal approach to a generalized issue in the basin, where similar
interventions historically have met with opposition from states seeking to maintain control over water
governance.

To look ahead, the probability is low that the basin states will exceed the salinity criteria in the near
future, but if additional water development occurs – particularly in the salt-laden Upper Basin, and
particularly in irrigated agriculture, as projected in some water-demand scenarios (see Figure 9) –

the long-term core challenge will be to implement more-complex salinity-control projects. With
many of the highest-return projects already implemented, what are the most feasible remaining options
for controlling salinity to enable further development? A significant amount of naturally occurring salt
loading is unavoidable, while the contribution by municipal and industrial water use is negligible. It
therefore seems inevitable that future large reductions in salinity will be possible only by managing
agricultural practices or, to a much lesser extent, reservoir levels. Accordingly, if agricultural expansion
and intensification continue as projected in some scenarios (U.S. Bureau of Reclamation, 2012c), it
likely will become necessary to rely on higher-cost measures (e.g. drip-irrigation systems) to avoid vio-
lating the salinity criteria. Policy-makers will need to consider carefully the funding sources and
incentives for these measures, particularly given competing demands from the environmental and
municipal sectors. These decisions will have profound effects on the economic viability of different
crops in and around the basin. Ultimately, as has been the case for irrigation societies throughout
world history, the scope of the ‘agrarian republic’ in the era of limits may very well be determined
by a factor as simple as salt.
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Lessons from and for the Colorado River Basin

Although the contemporary challenges and potential responses reviewed in the previous section
involve some degree of novelty in terms of the particular forms they assume in the Colorado River
Basin, neither the challenges nor the responses are unique to this basin. Similar issues requiring similar
responses face other major basins located in federal countries across the globe, including those encom-
passed within the Water Federalism Project – again, the Murray–Darling Basin (Australia), São
Francisco Basin (Brazil), Indus Basin (India/Pakistan), and Mississippi Basin (United States). What les-
sons can be gleaned from the Colorado River Basin with regard to the formulation and implementation
of interstate water policy in these other basins? Conversely, how might Colorado River governance be
improved by reflecting on the lessons offered by the other basins? Framed around these questions, this
final section focuses on a handful of themes stemming from discussions at, and papers and presentations
prepared for, the Water and Federalism Conference held at Harvard University on April 19–21, 2012.

Looking inward

To start with lessons provided by the Colorado River Basin, four broad themes loom large: (1) the
necessity of integrating adaptability and flexibility into the design of interstate water regimes; (2) the
importance of reliable, objective scientific data to sound policy-making; (3) the value of cooperation
and collaboration in policy-making processes; and (4) the risks associated with resorting to litigation
in order to resolve interstate water conflicts.

Water allocation is a contextual exercise at the local, state, interstate, and international levels. Numer-
ous dynamic factors bear on the design and implementation of water apportionment schemes, ranging
from variation in environmental conditions to evolution of scientific knowledge to fluctuation in societal
values regarding competing uses of water and beyond. One of the core lessons from the Colorado River
Basin is that interstate allocation frameworks need to be composed with these dynamic processes in
mind. They need to allow for flexibility and adaptation in the face of inevitable, often far-reaching
changes in values, institutions, and environmental conditions.

The Colorado River Compact does not seem to be a model document when assessed from this per-
spective, notwithstanding the importance of predictability as a countervailing priority. Specific features
of the compact that speak to this point include (1) Articles III(a) and (b) and their conferral of perpetual
quantified annual use entitlements to the Upper and Lower Basins (8.5 and 7.5 maf, respectively) with-
out set-asides for environmental flows and (2) Articles III(c) and (d) and their imposition on the Upper
Basin states of flow obligations that arguably remain static irrespective of changes in the basin’s hydrol-
ogy. More closely aligned with the principle of flexibility are the percentage-based entitlements in the
Upper Colorado River Basin Compact, which, as noted, allocate water available for use in conjunction
with the 7.5 maf entitlement among Colorado (51.75 percent), Utah (23 percent), Wyoming (14 per-
cent), and New Mexico (11.25 percent). Moreover, although operational rather than allocative in
nature, equally illustrative are the reservoir release schedules adopted in the 2007 Interim Guidelines,
which tailor annual releases from Lake Powell and Lake Mead to the respective elevations of these reser-
voirs. Both of these exemplary measures, of course, exist within the confines of the Colorado River
Compact’s apportionment scheme. All told, policy-makers designing interstate water allocation schemes
in other basins should reflect carefully on whether the Law of the River’s cornerstone strikes a desirable
balance between flexibility and predictability.
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A related lesson concerns the importance of reliable, objective, scientific data to effective policy-
making, in relation to water allocation schemes, environmental protection efforts, and more broadly.
To be clear, we view values as the driving force behind water policy in the Colorado River Basin
and elsewhere. But sound science is nonetheless critical for the light it sheds on the implications of
different policy options founded on particular value choices. As just one illustration, the terms of the
Colorado River Compact likely would be markedly different if its negotiators had been aware of
the discrepancy between the 16.0 maf apportioned annually to the Upper and Lower Basins and the
14.7 maf of average Lees Ferry flows in the paleo record (or the 13.7 maf of such flows projected in
climate-change models). To look ahead, the success of future innovative measures for addressing the
supply–demand imbalance in the basin similarly hinges on reliable annual flow and use data, including
the availability of such data for the Lower Basin tributaries, irrespective of their contested status under
the compact. The same can be said for the performance of the biodiversity protection and salinity control
programs in the basin. Evolving scientific knowledge derived from adaptive management principles is
critical in the former context. Ultimately, sound science is necessary (although not sufficient alone) for
sound policy-making, and the Colorado River Basin evidences this point.

Stemming from the realm of politics is a third lesson offered by the Colorado River Basin: the value
of cooperation and collaboration in the formulation and implementation of interstate water policy.
Increasingly, broad-based stakeholder involvement in policy-making processes has been one of the hall-
mark trends in the evolution of Colorado River governance. Contemporary examples of this trend
include collaborative efforts associated with the adoption of the 2007 Interim Guidelines, the formation
of tribal water rights settlements, and the implementation of the biodiversity protection and salinity con-
trol programs. To varying degrees, each of these efforts has involved collaboration among sovereigns
(federal, state, and tribal) and diverse stakeholders with interests in the coveted flows of the Colorado
River system. Much of this collaboration appears attributable to the pervasive, multifaceted role played
by the Secretary of the Interior in the basin and to related mandates and obligations imposed by federal
law. Effective leadership has been essential for all sovereigns and stakeholders, however, including a
willingness among leaders to pursue negotiation in lieu of litigation. Overall, this collaboration has
not been devoid of problems. As discussed previously, serious concerns have been raised about whether
the collaborative processes of the biodiversity programs comport with the Endangered Species Act as
just one example. But the potential value of this decision-making mode in terms of promoting dialogue
among stakeholders with diverse (and often conflicting) interests, and instilling in these stakeholders a
common sense of ownership over agreed-upon measures, makes it a compelling one for policy-makers
in other basins to consider.

A fourth and final lesson gleaned from the Colorado River Basin concerns the converse of
cooperation and collaboration, namely, the risks associated with resorting to litigation to resolve dis-
putes over the terms of interstate water regimes. As evidenced by the Colorado River experience,
courts (federal and state) exist alongside a slew of other governmental entities engaged in shaping inter-
state water policy, coming into play when disagreements arise regarding the meaning and application of
specific provisions of governing laws (the Law of the River and otherwise). It is highly questionable
whether litigation is the best method of dispute resolution in these situations. Despite its value in motiv-
ating parties to pursue relief in other ways (e.g. negotiated settlements), and providing parties with
recourse in the event that non-litigated solutions are simply infeasible, litigation is costly and time-con-
suming and often involves uncertain outcomes and potentially dubious, but nonetheless far-reaching,
precedents. Arizona v. California exemplifies all of these cautionary tales associated with litigation
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in the context of the Colorado River Basin. Without delving into its details, the split decision reached by
the Supreme Court, after 11 years of proceedings, prompted two lengthy dissenting opinions and mul-
tiple subsequent critiques by legal scholars and other experts (Clyde, 1963; Trelease, 1963; Meyers,
1966; Hundley, 1972, 2009; MacDonnell, 2012). Among other controversial effects, the decision fed-
eralized the interstate water regime in the Lower Basin – casting the Secretary of the Interior into the role
of ‘watermaster’ over the Lower Colorado River – and created tension between the Colorado River
Compact’s apportionment scheme and the scheme announced in the case for mainstream water use
in the Lower Basin, including fueling arguments about the status of the Lower Basin tributaries
within the former (basin-wide) scheme. Simply put, another telltale lesson from the Colorado River
Basin is to tread carefully up the courthouse steps.

Looking outward

To turn now to the second question noted above: what lessons do other basins hold for policy-makers
engaged with Colorado River governance? Again, three broad themes are noteworthy: (1) the value of
water markets as measures for integrating adaptability and flexibility into allocation systems; (2) the
novel ways in which environmental flows can be secured through the combined use of withdrawal
caps and water markets; and (3) the indispensability of trust to successful formulation and implemen-
tation of interstate water policy.

Interstate water marketing – on a basin-wide or sub-basin scale – was identified in the previous section
as a potentially useful measure for addressing the supply–demand imbalance in the Colorado River Basin.
This idea has yet to take hold, however, despite the innovative measures developed thus far in the Lower
Basin – again, the water banking program, large-scale ag–urban water transfers in California, and the
Intentionally Created Surplus program – as well as the existence of intrastate water transfer schemes in
all of the basin states. This reluctance contrasts sharply with the situation in Australia’s Murray–Darling
Basin in recent years, where policy-makers have implemented a broad-based interstate water-marketing
scheme to promote flexible and efficient water use in the face of limited supplies. This scheme has
been instrumental in maintaining economic productivity during recent prolonged drought, and its
design (which entails detailed trading rules, accounting procedures, water-use monitoring methods, and
standardized treatment of entitlements) might serve as a useful reference if sufficient political support
for interstate water marketing eventually emerges in the Colorado River Basin.

Among other key factors, the emergence of such support seems to hinge on integrating into the design
of an interstate marketing scheme adequate measures to protect third parties from adverse impacts of
water transfers. This concern is especially salient as it bears on the often wide scope of third parties
whose interests may be affected by interstate transfers of water resources away from exporting areas.
Such transfers may involve a range of detrimental economic, environmental, and social impacts
within and around communities located in these areas. Protective measures aimed at mitigating or pre-
venting these impacts may reduce efficiency gains derived from the scheme, and the same can be said
about provisions limiting the scheme’s geographic scope and the types of parties authorized to partici-
pate in transfers. Despite these negative effects on efficiency, however, such considerations reflect a
prevalent view among policy-makers in the Colorado River Basin regarding the unique non-economic
dimensions of water resources as distinguished from other types of commodities traded in markets.

Yet another (and related) lesson drawn from the Australian experience pertains to biodiversity protec-
tion efforts in the Colorado River Basin, namely, the way in which environmental flows can be secured
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to benefit native species and habitat through the combined use of (1) caps on consumptive water use and
(2) voluntary exchanges via water markets of water rights previously used for consumptive purposes.
The Murray–Darling Basin has been a closely watched laboratory for this policy in recent years, and
results have been mixed up to this point. Disputes have arisen over the Commonwealth government’s
constitutional authority to establish caps on consumptive water use for environmental purposes, and
there has been ongoing legal and political strife concerning the appropriate levels at which to set
these caps (‘sustainable diversion limits’). Meanwhile, scientific uncertainty persists regarding the pre-
cise amounts of water needed to ensure the environmental health of different natural areas. Also notable
is the cost of purchasing the entitlements needed to secure these baseline environmental flows, a price
tag in the billions of dollars that has been shouldered by the Commonwealth government. Taken
together, these (and other) dynamics essentially reveal the implications and complications of paradigm
shifts in water policy, which ultimately stem from underlying foundational changes in societal values
regarding different uses of water. As discussed above, a similar pattern has been prevalent in the Color-
ado River Basin throughout the era of limits. Notwithstanding the formidable challenges evident from
the Australian experience, the combined use of caps and water markets to secure environmental flows
provides a useful precedent for policy-makers in the Colorado River Basin to consider in their efforts to
meet biodiversity protection goals.

Last, but not least, is the lesson of trust and the indispensable role it plays in successful policy-making.
This lesson is not new for the Colorado River Basin – it is implicit in the discussions of sound science and
cooperation/collaboration above – but it is worth touching on expressly given its importance. To greater or
lesser degrees, mistrust among sovereigns and stakeholders has plagued the formulation and implemen-
tation of interstate water policy in every one of the basins examined in the Water Federalism Project. The
sources of mistrust are diverse and varied. In some cases it stems from perceptions of skewed power
relations within governance structures or lack of transparency in decision-making processes, while in
other settings it arises from the absence of accurate, verifiable accounting and monitoring procedures. Per-
ceived overreaching by federal governments is certainly detrimental in this regard – inadequate
engagement of state and local entities sometimes damns innovative policies – but obfuscation and
foot-dragging by these entities can be equally problematic in the context of progressive federal efforts.
Whatever its source, mistrust cuts to the core of the policy-making process because it undermines the col-
lective ability of stakeholders to form and realize a common vision for governance of the water resources
in which they share interests. In many ways, the plurality of values and stakeholders associated with con-
temporary Colorado River governance seems to correlate with a splintered vision of the Colorado River,
and it is worth considering to what extent mistrust plays a role in perpetuating this apparent state of affairs.

Conclusion

The evolution of the interstate water regime in the Colorado River Basin during (roughly) the past
century illustrates the provisional, cyclical nature of water policy in the context of the nuanced federal
structure established by the U.S. Constitution. Policy-makers grappling with the next iteration of this
regime in the era of limits must contend with fairly daunting dynamics. Limited water supplies exist
to satisfy diverse stakeholders – as ongoing pluralization of values occurs within US society regarding
competing uses of water – and existing institutions inherently mold the nature and scope of options
for navigating future Colorado River governance. To what extent will these dynamics lead to
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co-operative-versus-balkanized relations between the sovereigns and stakeholders interested in the
Colorado River? Whose interests will go by the wayside if someone has to go without? Why?
These questions will likely be with policy-makers for some time. They lie at the base of the contem-
porary challenges surveyed in this paper, challenges for which the possibility of an easy fix seems to
disappear given the apparent irreconcilability of the ends sought. And so much hangs in the balance
throughout this imperfect reconciliatory process: fairness, justice, sustenance, tradition, promises,
beauty, truth… and salt. It is these things – couched in terms of a broken water budget, contested
allocation framework, ancient homelands, and a sublime landscape inhabited by those who dwell
in the ‘native home of hope’ – that animate the tough decisions that lie ahead for the Colorado
River (Stegner, 1969). We are hopeful that the material covered in this paper offers a taste of
these monumental challenges and the innovation needed to greet them.
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Abstract

The authors examine the complex history of the development of the Indus Basin and the challenges faced by
Pakistan during the evolution of the Indus Basin Irrigation System and the country’s responses to date. The Indus
river system must meet the multiple needs of agriculture, energy and flood security. Pakistan’s constitutional struc-
ture, in which the federation shares overall responsibility for the operation of the Indus with the provinces, poses
unique management and implementation challenges. What are the institutional arrangements Pakistan needs to
address the challenges to the Indus Waters Treaty it signed with India in 1960? How is the country going to regu-
late the use of over-abstraction in the basin with the increased reliance on groundwater to maintain agricultural
productivity? What are the institutional mechanisms in place to manage increased river flow variations from gla-
cial melt as a result of climate change and for coping with devastating floods? At the same time, is the country
maintaining adequate environmental flows to its delta? Provincial mistrust and a lack of institutional capacity
underpins the history of the Indus in Pakistan with the Interprovincial Water Accord 1991 serving as a ray of
hope on which to build a new institutional architecture of cooperation.

Keywords: Federal; Floods; Groundwater; Infrastructure; Provincial; Water-sharing

Introduction

Historic challenges shape the present

The construction, beginning in the mid-nineteenth century, of the Indus Basin Irrigation System
(IBIS) forever changed the Indus Basin. The previously untamed river and its tributaries, rising from
the glaciers of the western Himalayas and meandering through Pakistan’s southern plains (Figure 1),
adding layer upon layer of fertile sediment on their way to the Arabian Sea, were for the first time
directed into a planned system of weirs, levees, and canals. As the availability of water transformed
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deserts into fertile agricultural fields, this mostly uninhabited land saw an influx of human settlers who
have flourished in what today is one of the most populated regions in the world.

Nevertheless, droughts and floods continue to test the inhabitants of the basin, and new challenges
include the uncertainties of climate change, previously ignored environmental needs, the political econ-
omy of international boundaries, and compounding mistrust between Pakistan’s own provinces. A
functional institutional structure exists in the basin – authorities at the federal level create broad direc-
tives, and agencies at the provincial level implement programs within their jurisdiction – but there are
multiple opportunities for institutional improvement to facilitate the infrastructural updates necessary to
meet the challenges of the twenty-first century.

Building the IBIS: from desert to fertile lands. For thousands of years the Indus River has been the
lifeline of civilization in South Asia, transforming a barren swath of desert in present-day Pakistan
into the largest contiguously irrigated area on earth. In their natural state, the arid central and southern
plains of the Indus Basin lack sufficient rainfall to support an agrarian society. Only the river provided
the vital nourishment that allowed the Indus Valley Civilization, one of the oldest human societies in the
world, to flourish along its banks. Then 600 years ago, millennia after the extinction of the Indus Valley
Civilization, the Mughal emperors constructed the basin’s first canal system (Gilmartin, 1994). This
initial attempt to tame the flows of Indus was as much about irrigating farmers’ fields as about supplying
the gardens and fountains of the famously extravagant Mughal palaces and forts in what is now Lahore
(Aloys, 1967).

Fig. 1. The Indus River and major tributaries (Ahmad, 2008).
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The annexation and consolidation of Punjab into British India in 1849 set the stage for the construc-
tion of an extensive canal system that forms the network of today’s IBIS (Aloys, 1967). Ignoring the
historical ownership of pastoralist tribes, the British claimed swaths of unsettled desert for the Crown
through ‘agricultural colonization’ and developed an extensive system of weirs and barrages to restrain
the powerful Indus waters that meandered through much of the region. Plots of land in the command
area of the new canal system, in both present-day Punjab and Sindh, were then awarded to former Pun-
jabi army troops in return for their loyalty to the British (Ali, 2005). This preferential treatment began
sowing mistrust between the Punjabis and other ethnicities, a problem that continues today. To compli-
cate the situation further, most of the land grants went to non-Muslim Punjabis, a source of conflict and
distrust during the migration that preceded Partition in 1947 (Briscoe & Qamar, 2005). Yet this new
system of river containment and irrigated cultivation was a huge economic success, in spite of the
social and political challenges it created. The Punjabi colonists dramatically improved the productivity
of the land, improved drought-time food security, and, to the delight of the British, transformed canal
management into a valuable source of taxes (Aloys, 1967).

Alongside the extensive infrastructure, the British also introduced an institutional framework based on
land rights. Irrigators in the canal colonies operated under a warabandi system, formalized by the 1873
Irrigation Act, in which each farm on a watercourse was allocated a withdrawal-time window on a rotat-
ing schedule. The duration of supply to each landowner was proportional to the size of his holding, a
principal that assumed a constant rate of flow in the canals. In reality, flow rates fluctuated significantly
according to time of day and location, resulting in individuals’ receiving widely variable amounts of
water. The warabandi system is still used by the provincial irrigation departments to distribute water
and supply inequity along the watercourse continues due to the absence of flow gauges and storage
capacity to monitor and smooth flow rates.

The canals themselves – 56,000 kilometers (km) of unlined, absorptive earthen channels – also aggra-
vate water loss. Studies estimate that when field application losses were factored in, only 45 percent of
the water captured at the canal head is available to crops (Bandarogoda & Rehman, 1995). To this day
the canals remain unlined and losses are not fully accounted for in the warabandi schedule. As a result
users at the ‘tail end’ of the canals are regularly shorted on their allocated share of water, a significant
systematic deficiency of the world’s largest contiguous irrigation system.

Despite these weaknesses, the IBIS transformed inhabitants’ fears of ‘not enough water’ into the
‘promise of plenty.’ This agricultural and engineering feat was nothing short of a societal revolution.
What began in the late nineteenth century as a limited set of canal colonies along the river paved the
way for more ambitious projects throughout the region in the beginning of twentieth century. The
Triple Canal Project of 1915 connected the Jhelum, Chenab, and Ravi rivers to the larger network
and the Sutlej Valley Project of 1933, extending the scope of the irrigation wonder of the IBIS, and
unwittingly planting the seed for the response to the looming challenges of the partition of British
India in 1947.

Partition: rivers halve as needs multiply. The Indian Independence Act of 1947, which dissolved the
British Raj, divided Britain’s former Indian territory into two independent sovereignties: Pakistan, an
Islamic state, and India, a secular one. The hastily drawn line separating the two countries gave
almost 90 percent of the irrigated land of the Indus River Basin to Pakistan. The headwaters of the
Indus, however, originate in Tibet and flow through India before entering Pakistan. For two countries
born of the tragic violence of partition, with a diverging set of political priorities and an immediate
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dispute over the territory of Kashmir – the site of nearly all of the river’s tributaries, the scene was set for
conflict.

Immediately after partition, the Inter-Dominion Accord of 1948 served as a temporary agreement to
govern the allocation of Indus water between the two countries. But the Accord merely called for India
to release ‘sufficient’ amounts of water to Pakistan, ambiguous terminology threatening to Pakistanis
who feared that India could destroy their agricultural economy yet remain within legal limits. Pakistan’s
attempt to take the dispute to the International Court of Justice failed due to lack of Indian cooperation,
but the international community, facilitated by the World Bank, stepped in to facilitate a decade of nego-
tiations which culminated in the signing of the Indus Waters Treaty (IWT) in 1960.

The IWT delineated the sharing of water from the Indus and its tributaries as follows: the three
‘western’ rivers – the Indus, Jhelum, and Chenab, comprising 75 percent of the water in the basin –

were given to Pakistan, while exclusive rights to the three ‘eastern’ rivers – the Ravi, Beas, and
Sutlej – went to India. During the negotiations, the two countries advanced competing principles of
water law to support their claims to a greater share of the resource. India objected to the assigning of
75 percent of the water to Pakistan on the principle of ‘equitable utilization,’ a philosophy that
argues for a balance of withdrawals between countries sharing an international watercourse. Pakistan,
which had 90 percent of the irrigated land on its side of the border, argued that its allocation of only
75 percent of the water went against the principle of ‘no appreciable harm,’ a competing philosophy
that says that if, despite best efforts, disproportionate harm is caused to one party, an effort must be
made to mitigate this harm. Nevertheless, both countries agreed to allow principles of engineering
and economics, rather than legal considerations, to drive the process. Subsequently, the IWT allowed
India, under strict conditions, to tap the considerable hydropower potential of the three western rivers
before they entered Pakistan, a practicality that has become a significant challenge for present-day
Pakistan, as will be discussed later.

Despite demanding significant compromises from both parties, in 1960 the IWT was completed and
signed by both India and Pakistan. Pakistan’s president at the time, Ayub Khan, summed up his coun-
try’s support of the treaty by saying, ‘[W]e have been able to get the best that was possible – very
often the best is the enemy of the good and in this case, we have accepted the good after careful
and realistic appreciation of our entire overall situation – the basis of this agreement, is realism and
pragmatism’ (Tariq, 2007). For all its shortcomings, the IWT has been remarkably durable: it remains
in effect, duly observed by both countries, despite three post-partition Indo-Pakistan wars. The Indus
River Commission has been able to resolve most, but not all, of the differences between the two
countries and continues to facilitate annual infrastructure inspections and data exchanges between
the two nations.

One critical component of the IWT was the Indus Basin Replacement Works (IBRW), a plan
designed to enable the newly formed Pakistan to supply water to those areas no longer irrigated by
the eastern rivers given to India. Pakistan’s newly created and widely admired public utility, the
Water and Power Development Authority (WAPDA) implemented the IBRW. Under the IBRW, the
Tarbela and Mangla dams, two of Pakistan’s largest, were constructed on the Indus and the Jhelum,
respectively, and eight massive ‘link canals’ were built to channel water from the western rivers to
the now-dry eastern rivers. When completed in 1976, Tarbela was the largest earth-fill dam in the
world (Amir, 2005a, b). Six major diversion barrages were also completed as part of IBRW. The mas-
sive construction was financed by the Indus Basin Development Fund comprised of contributions from
several western governments, a payment from India, and loans from the World Bank.

M. Condon et al. / Water Policy 16 (2014) 58–86 61



Tarbela and Mangla were only the beginning of a vast array of planned storages on the Indus and its
tributaries. The plan, put forward in the 1968 report commissioned by the World Bank – Water and
Power Resources of West Pakistan: A Study in Sector Planning, popularly known as the Lieftnick
Report – served as the backbone of Pakistan’s water-sector strategy for the coming decade. The halving
of Pakistan’s rivers and the signing of the IWT thus created the political and financial opportunity to
commence a colossal plan to modify the country’s hydraulic engineering and build a platform for econ-
omic growth and security.

Waterlogging and salinity: too much water? The IBIS brought water that was vital to transforming the
parched lands of the basin into highly productive fields, but changes to any environmental system are
always provisional, unleashing a series of unintended secondary and tertiary consequences. The possibility
of over-irrigation however, appears not to have been seriously considered when this extensive network of
canals was first constructed. Eventually, over-irrigation severely disturbed the basin’s water balance, caus-
ing a new set of challenges, including waterlogging and increased soil salinity.

As mentioned earlier, the IBIS canals were built with permeable, unlined, earthen walls. This resulted in
hundreds of billions of cubic meters (m3) of water seeping into the underlying groundwater aquifer
(Briscoe &Qamar, 2005). Initially, this concerned planners mainly because of the loss of water for surface
irrigation; the rising water levels underground did not cause concern because the water table was naturally
20 to 30 meters below the soil surface, and there appeared little need for a drainage system (Qureshi et al.,
2008). But intense irrigation and a naturally flat topography – with no surface or sub-surface drainage –
altered the existing water balance and raised the groundwater table dramatically by the mid-twentieth
century, as illustrated in the cross-section between the Punjab canals shown in Figure 2.

The rapidly rising water table had two alarming consequences. First, the water reached the surface in
some areas of the country, inhibiting crop growth. Second, natural salts in the alluvial deposits compris-
ing the Indus plains were absorbed by the rising water table and carried into the crop root zone and even
to the soil surface. When that water evaporated, it left behind dried salt crusts that contaminated the agri-
cultural land. This effect was especially common in Sindh, where the land had once been under the
ocean and therefore had a high salt content. By the end of the 1950s almost 30 percent of all Indus

Fig. 2. The rise in groundwater levels in Punjab (1860–1960).
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Basin farmland was negatively affected by salinity, while another 30 percent was soggy because of the
elevated water table (Chaudry, 2010).

The intuitive response to this challenge might have been to curb the application of water on the saline
and waterlogged fields, supplemented by a prohibitively expensive undertaking to line the canal net-
work to prevent seepage. However, a meeting with President John F. Kennedy in 1962, at which
President Ayub Khan expressed fears of losing his country to the curse of the rising water table, led
to a collaboration between teams of scientists and engineers from Harvard University and Pakistan
that proposed an opposite, novel solution: pump up massive amounts of groundwater and flood the sur-
face of the salty soil, thus setting up a virtuous circulation that would flush the salts out of the root zone
near the surface and lower the water table below.

Under the authority of the Punjab Soil Reclamation Act of 1952, the Salinity Control and Recla-
mation Project (SCARP) was established and later placed under the authority of WAPDA. As part of
SCARP, more than 10,000 high-capacity, government-managed tube wells were installed to pump
non-saline groundwater into the canals and saline groundwater into the drains (Ul Haq, 1998). But it
was the rapid adoption of tube wells by millions of individual farmers that tipped the salt-water-balance
back toward its natural state. The reliability of water from tube wells made them an attractive supplement
to surface canals. Furthermore, subsidies and government loans in the 1960s made the new modular
diesel pump affordable to the individual farmer and accelerated groundwater pumping on a scale so
massive that the aquifer level was drawn down and salts were leached out of the root zone.

Although the pervasive use of tube wells alleviated a huge water crisis in the past, it has contributed to a
new one today: excessive dependence on groundwater. In the 1960s, groundwater accounted for 8 percent
of agricultural water use in Punjab. Today, that figure is more than 60 percent (van Steenbergen &
Shamshad Gohar, 2005). Because precipitation in the basin is so low, seepage from the canals is the pri-
mary aquifer recharge mechanism. In many parts of Punjab, however, the rate of groundwater pumping is
too high to maintain aquifer levels. Supplementing canal water with groundwater is less common in Sindh,
where the groundwater is naturally more brackish, and over-irrigation perpetuates the salinity problem.

The facts of the river: natural features, infrastructure, and institutions

Physical features of the basin

Geography and demographics. The Indus Basin in Pakistan drains an area of 566,000 square kilo-
meters (km2), about 70 percent of the country, comprising the whole of the provinces of Punjab,
Sindh, Khyber Pakhtun Khwa (KPK; known previously as the North-West Frontier Province), and
the eastern part of Balochistan (Yu et al., 2013). The basin is fed by the Indus River and its five tribu-
taries, the western rivers of Kabul, Jhelum, and Chenab, and the eastern rivers of Ravi and Sutlej. As
shown in Figure 3, the Indus River stretches 2,900 km, from altitudes of up to 18,000 feet in the Hima-
layas in the north to low gradient areas in the southern delta of Sindh, where it discharges into the
Arabian Sea.

The Indus Basin is primarily agricultural. Although only the twelfth-largest drainage basin in the
world, its irrigation network – the IBIS – is by far the largest contiguous irrigation system in the
world. About 190,000 km2 of cropland are irrigated in the Indus plains: 150,000 km2 by the IBIS
and 40,000 km2 by local irrigation systems (Ahmad, 2005). The relatively flat basin consists of
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homogeneous, deep, fine-grained, fertile, and very permeable soils deposited by the Indus and its tribu-
taries. Underlying the basin is a highly transmissive groundwater aquifer that is heavily relied on to
augment IBIS irrigation water.

The fifth largest delta and the seventh largest mangrove system in the world lie within the Indus
Basin. The delta ecosystem has deteriorated in recent decades due partly to a lack of sustained minimum
river flows. These diminished flows have led to large areas of highly saline soils, coastal saltwater intru-
sion, and both fishery and mangrove depletion. In addition, inadequate sewage treatment has resulted in
extensive water pollution.

Pakistan has the sixth largest population in the world: currently about 173 million, and expected to
reach 220 million by 2025 (PMWP, 2002). Eighty percent of all Pakistanis live in the basin, which
occupies about 20 million hectares (PMWP, 2002). Sixty percent of the basin population is rural,
with a trend toward urbanization (PMWP, 2002). Accordingly, the basin rural population density is
high (at about 414 persons/km2), as compared, for example, to that of the Mississippi River Basin
(6 persons/km2). High population growth has brought Pakistan to the brink of water scarcity, with
water availability currently at about 1,000 m3 per capita.

Fig. 3. River system of Pakistan (High Commission of Pakistan in South Africa, 2013).
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Agriculture contributes about 25 percent to Pakistan’s GDP and employs about 46 percent of its labor
force (PMWP, 2002). Land ownership, meanwhile, is highly concentrated: 2 percent of households own
nearly half the total area of the basin, (Amir, 2005a, b) while about 43 percent of the region’s rural
population is landless or near-landless and lacks access to irrigation water and other factors of agricul-
tural production (USAID, 2010). Because land with access to water is a principal asset in the rural
economy, Pakistan’s high poverty level is strongly correlated to landlessness.

Climate and hydrology. Precipitation in the basin is very low, with an average of only 230 millimeters
per year; there is, however, considerable spatial variation (FAO, 2011). Summer temperatures are high
and evapotranspiration rates of up to 2,112 millimeters per year prevail in the sub-tropical climate (Ullah
et al., 2001). Between 40–70 percent of the flow of the Indus River comes from snow and glacial melt
off the Himalayas (ICIMOD, 2011), as shown in the upper area of Figure 4, while eighty-five percent of
flow into the basin’s catchments occurs in a short period between May and September (NRC, 2012) (as
happens also in the Colorado basin, where 86 percent of flow occurs from its upper catchment in three
months (Pointus, 1997).

The mean annual total flow into the basin is 176 billion m3 and, excluding discharge to the sea, 90
percent of all water supplied is used to irrigate crops. Despite this, there are huge discrepancies in
demand and supply: during the 2000–2002 drought, for example, supply was 20 percent below
demand (Blackmore and Hasan, 2005). Projections of future deficits reach 20 percent in 2025, resulting
from factors mentioned above, such as high population growth and urbanization (Blackmore and Hasan,
2005), aggravated by field-level irrigation inefficiency, with 44 percent of the total input surface water
lost to canal and watercourse seepage, field application losses, and evapotranspiration (Ahmad, 2005).
Fortunately, much of the seepage loss is captured by the groundwater aquifer and recovered for irriga-
tion through the extensive use of tube wells throughout the Punjab, now numbering about 1 million
(Ahmad, 2007). About 51 billion m3 groundwater is pumped and supplied for irrigation annually
(Ahmad, 2005), a procedure that simultaneously prevents waterlogged soil and manages salinity by
drawing down accumulated salts below the root zone.

Infrastructure: engineering the river

Agricultural security: distribution and storage. Some 4,000 years ago, the Indus civilization irrigated
by means of river spills during seasonal floods. The British initiated a massive canal-construction pro-
gram and constructed barrages (large dam structures without storage) to divert water from rivers into
canal systems. By the 1960s, that program had resulted in a massive infrastructure that included 16
barrages, 12 inter-river link canals, 44 canal systems, and more than 107,000 water courses. The aggre-
gate length of the canals is 60,376 km while the watercourses, farm channels, and field ditches cover
another 1.6 million km (PMWP, 2002). As a result, the world’s largest irrigation system delivers
water by gravity alone to 15 million hectares, about 10 times the area watered by the Colorado Basin
in the United States and 15 times that of the Murray–Darling Basin in Australia, making the Indus
Basin a major global ‘breadbasket.’

In spite of the IBIS’s massive distribution network, its storage capacity is very low – only about 30
days’ worth of annual flow, contained mostly in two reservoirs – some 30 times less than that of the
Murray–Darling and Colorado Basins. Such limited storage puts severe constraints on assuring that
water supply will meet demand, especially as the majority of flow occurs during a three- to four-month
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period. Lack of storage also limits the ability to provide the sustained minimum flow to the Indus delta
necessary to maintain a healthy ecosystem of mangroves and fisheries. Although storage is urgently
needed to alleviate droughts and attenuate flooding, the last new reservoir was constructed in 1976.

Energy security: hydropower capacity. Pakistan currently generates approximately 6,500 megawatts
(MW) of hydropower a year, far below its total hydropower generating potential of 60,000 MW (Trim-
ble et al., 2001). The total electrical generating capacity for all forms of power including nuclear, fossil
fuel, and hydro, was around 21,600 MW in 2010. With demand increasing by roughly 7 percent
annually, the supply of electricity falls short of demand by 2,000 to 4,000 MW (Trimble et al.,
2001). Daily power rationing, known as ‘load shedding’, is common due to generation deficits and

Fig. 4. The Himalayas and the Indus Basin (NASA, 2002). KPK, Khyber Pakhtun Khwa.
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poor transmission capability. Blackouts lasting 8 to 10 hours a day are frequent in cities; outages are
often double that in rural areas (Trimble et al., 2001).

Despite its abundant access to hydropower, Pakistan depends heavily on expensive imported oil to
generate electricity. About 39 percent of all electricity is produced by oil-fired thermal generating
plants (Trimble et al., 2001). Oil purchases place considerable strain on the economy by raising the
external current account deficit and worsening the country’s balance of payments position (Trimble
et al., 2001). Development of the nation’s available hydropower by building additional dams would
lessen this financial burden while simultaneously providing much-needed supplementary capacity for
irrigation storage and flood control.

Flood security: peak reduction and containment of floodwaters. As indicated in Figure 5, flooding is a
tragic fact of life for millions living in the Indus Basin. Consecutive floods have caused long-term dis-
ruption of productive agriculture and economic development: since 1950, more than seventeen major
floods have resulted in an estimated cumulative damage exceeding $15 billion in direct economic
losses, nearly 9,000 lives lost, and millions of acres flooded (Kazi, 2005). Past floods were eclipsed
in magnitude by the 2010 flood, the worst in Pakistan’s history. After a prolonged period of drought,
unprecedented widespread heavy rains in upper catchments resulted in extremely high runoff in a
short period of time. Rainfall of such high intensity and short duration had never been observed at
many of the gauging stations in the north of country. The result was an estimated 2,000 deaths,
nearly 20 million people displaced, and estimated economic damages of $2.9 billion to the agricultural
sector alone (Mustafa & Wrathall, 2010).

Climate change is predicted to make unusual rainfall patterns in the Indus Basin more common. The
Intergovernmental Panel on Climate Change predicts substantial increases in extreme precipitation
events in addition to a rise in the number of rainy days (IPCC, 2007). Despite great uncertainty in cli-
mate projections, it is clear that high variability is very likely, for both droughts and floods.

In Sindh and Punjab, flow protection embankments and spur dykes (to guide flow through barrages)
were constructed to protect irrigation infrastructure and reduce river overflows. Some nonstructural pro-
grams, including improved flood forecasting, were also initiated (Kamal & Rehman, 2010). But
embankment remedies are difficult to sustain because high rates of siltation continue to raise riverbeds,
in some areas, even above the surrounding terrain, greatly increasing the likelihood of embankment
breaches during high flows. Siltation has also reduced the capacities of the three reservoirs, Tarbela,
Mangla, and Chasma, in the Indus system. Although it is impossible to eliminate the threat of all

Fig. 5. Flood impacts in the Indus Basin (Briscoe & Qamar, 2005).
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flooding, it is important to both build more storage infrastructure and conduct more nonstructural pro-
grams to build the capacity to attenuate dangerous high flows and harness water during times of excess
to provide for times of drought.

Institutions: federalism features and governance design of basin

Federal institutions. The 1873 Irrigation Act was the first water-distribution administrative mechanism
in the Indus Basin. The warabandi system formalized by the act, in which each farm on a watercourse is
allotted a withdrawal time-window based on its acreage, continues to be the primary mechanism for dis-
tributing water at the individual-farm scale today. At the provincial level, water distribution methods
have undergone a series of changes. After Pakistan gained independence in 1947, irrigation water
was allocated among provinces by informal, ad-hoc arrangements. A much more consistent method
was introduced in 1991, when the federal government instituted the Water Apportionment Accord (here-
after referred to as ‘the Accord’). The Accord provides guidelines to determine the size of the allocations
to each province at the start of the kharif season (the wet summer months) and the rabi season (the dry
winter months) based on the province’s historical uses and designated share of shortages or surpluses.
Different provinces have their own interpretations of the clauses that spell out the distribution percen-
tages, however; this source of disagreement, fueled by mistrust and ethnic conflict, is at the core of many
implementation problems in the Indus Basin, which will be covered in later sections.

Federal implementation. After the Accord was passed, the Indus River System Authority (IRSA) was
formed in 1992 to implement its provisions and determine the seasonal shares of water to be distributed
among the provinces. IRSA is a federal body comprised of four provincial representatives (one from
each province) and a federal nominee.

IRSA works closely with the WAPDA. WAPDA is responsible for formulating a national water
resources development strategy, operating and maintaining large inter-provincial water infrastructures
including dams and reservoirs, developing and distributing hydropower, and resolving issues like water-
logging and salinity. WAPDA also estimates how much water might be available to the system in the
upcoming season; IRSA uses these estimates in making water allocation decisions based upon what the
Provinces have stated as their water demands.

Provincial implementation. Within the provinces, water management is the responsibility of Provincial
Irrigation Departments and Provincial Irrigation and Drainage Authorities (PIDAs). PIDAs inform
WAPDA of provincial water demands for specific locations and WAPDA then taps reservoirs to
meet demands as closely as possible. The provinces are authorized to modify system-wise and
period-wise uses within their own allocations.

Before the PIDAs were established, Water User Associations or informal farmers’ groups managed
water at the watercourse level. In 1997 each province passed an Irrigation and Drainage Authority
Act to introduce institutional reforms in the irrigation and drainage sectors at the provincial level.
This Act was meant to provide the legal framework for operating PIDAs, and also to establish Area
Water Boards (AWBs) and Farmers’ Organizations (FOs) on a pilot basis in selected canal commands.
AWBs and FOs were to be responsible for ensuring equitable distribution of water and for resolving
disputes. Progress on these reforms has been slowed, however, by controversy over irrigation reforms
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among implementing agencies, so the vast majority of irrigation schemes are still operated and main-
tained by the provincial governments in the traditional manner (Ministry of Water and Power).

Contemporary challenges and responses

Pakistan’s water security faces numerous contemporary challenges. Some have arisen as the result of
human interventions made to overcome historical challenges, others result from changing demographics
and political pressures in the region, and yet others reflect improvements in our knowledge and under-
standing of interactions between hydrology and ecology. A common theme running through these
challenges is the discord between institutions and their implementation capacity that can develop for
one or more of the following reasons: historical animosities across international and provincial borders;
superiority of legality over practicality in Pakistan; shortsightedness in policy choices; and often, lack of
political will.

Although we briefly describe each of these present-day challenges, this paper’s primary focus will be,
first, on managing the 1991 Water Apportionment Accord (because the Water Accord is the key to
federal–state interaction on water management in the country, and therefore at the crux of water feder-
alism in Pakistan), and second, on managing the Water Accord in a transparent way that shares benefits
equitably among provinces, a development that may enable the provinces to promote water as a national
priority and together enact the responses needed to overcome the remaining gamut of challenges.

The future of the IWT 1960

The future of the IWT presents a trans-boundary challenge for Pakistan’s water security. As covered
earlier, the IWT has, for the most part, been very successful. A clear definition of entitlements moni-
tored by both countries and a clear set of enforcement mechanisms put in place as a result of the
IWT has allowed the Treaty to survive three wars between India and Pakistan. Now, however, as a
result of new technological developments, different interpretations of certain critical parts of the
Treaty have surfaced. In 2005, for the first time in the 45 years since the ITW was adopted, the Perma-
nent Indus Commission, with one commissioner from each country, was unable to jointly and
consultatively resolve the ‘difference’ that arose between India and Pakistan – the design of the Baglihar
Hydroelectric Plant on the Chenab River.

The IWT allows India to make ‘non-consumptive’ use of Indus water via run-of-river plants on the
western rivers before they enter Pakistan, but strict limits are placed on live water storage in India to
protect Pakistan in terms of both flow timing and quantities. When India designed the Baglihar Pro-
ject, Pakistan deemed that its spillways were lower than the height agreed upon by the two countries
in the IWT, thereby increasing the reservoir’s live storage. India argued that this increase should be
made in accordance with developments made in sediment flushing technology, which would increase
the overall storage from the time of the signing of the IWT. However, Pakistan feared that greater live
storage in India could result in flow manipulation, jeopardizing its agricultural production down-
stream. There was a fundamental ‘difference’ in the two countries’ understanding of the issue.
Pakistan viewed it as a ‘legal’ problem concerning interpretation of the IWT, while India viewed it
as an ‘engineering’ problem and argued for adopting the best available design for hydropower
plants (Salman, 2008).
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In accordance with the dispute resolution mechanisms delineated in the IWT, a Neutral Expert agreed
upon by the two countries was called upon to resolve this difference (Salman, 2008). The Neutral Expert
ruled that the rights and obligations of the parties under the treaty should be read in light of new tech-
nical norms, thereby effectively removing the limit on live storage in favor of India’s claims (Salman,
2008). This decision is a major source of tension between the two countries, introducing uncertainties
for Pakistan time and again as India builds a slew of new hydropower plants upstream.

As Harvard professor John Briscoe argues, there is no necessarily inherent conflict between the two
countries in the sharing of the waters of the Indus because the Treaty allows India to develop hydroelectric
power on the Western Rivers (Briscoe, 2010a, b). As he notes, however, this is subject to two caveats: that
this development in India does not affect the quantity or the natural timing of flows into Pakistan at critical
times in the planting seasons. At the time the IWT was negotiated, this was achieved by putting strict limit-
ations on India’s ability to build ‘live storage.’ But with the advance of technological knowledge, in
particular, installing gates for the flushing of silt has become commonplace, the Neutral Expert’s accep-
tance of this new technological norm is in essence a reinterpretation of the Treaty. Pakistan’s only
(relatively weak) protection hardwired into the IWT, limited live storage (which for Pakistan meant
limits on manipulable storage), is no longer guaranteed and makes it vulnerable to India’s ability to manip-
ulate flows upstream. In another article, published in India’s Economic and Political Weekly, Briscoe has
urged that country to show political maturity in its water relations with Pakistan particularly in relation to
helping Pakistan its acute need for water infrastructure (Briscoe, 2010a, b).
Although the IWT’s past success is certainly commendable, its rigidities and focus on structural con-

straints may be seen in today’s changed conditions as an impediment to future cooperation on managing
water resources between the two countries. The much-needed response today is a new framework of
collaboration that is consultative, adaptive, and flexible, and based on sharing benefits from the
rivers instead of dividing their waters. Given the history of the IWT’s negotiations, this is likely to
be difficult for the stakeholders.

Managing groundwater

Adopting large-scale surface irrigation mitigated the problem of too little water and allowed agricul-
ture to flourish in the Indus Basin. But like most solutions in water management, this, too, proved to be
provisional. Seepage of massive amounts of water during transport and application raised the water table
and caused the problem of waterlogging and salinity; while this problem perpetuates in certain parts of
the country today, in other parts, it has led to new challenges.

Sindh, with its flat lands, and lack of drainage infrastructure, continues to suffer waterlogging and
salinity. Since its groundwater is naturally saline, the strategy of pumping out groundwater to flush
salts from the root zone was not as pertinent to Sindh as it was to the rest of the basin where it was
quite effective. Today, stunted productivity caused by too much salt and water is compounded by the
fact that farmers continue to cultivate water-intensive crops unsuited to the area.

In the rest of the basin, waterlogging and salinity were dramatically curbed through the widespread
use of tube wells to extract groundwater and supplement canal irrigation. Intensive pumping of ground-
water eased the problem via two mechanisms: first, it drew down the water table, and second, it induced
circulation that flushed out salts from the root zone. An estimated 900,000 private tube wells have been
sunk and 75 percent of the increase in water in the last 25 years is attributable to groundwater
(van Steenbergen & Shamshad, 2005). Alongside agriculture, residential and industrial needs are
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increasingly met by groundwater. As a result, groundwater abstraction has far surpassed the recharge
that occurs through agricultural seepage and canal leakage, thereby severely depleting the water
table. The response that alleviated salinity and waterlogging has therefore led to an unsustainable
reliance on groundwater.

To add to the challenge, the problems of too much and too little water are not mutually exclusive.
The steep hydraulic gradient resulting from an elevated water table in saline groundwater regions and
a drawn-down water table in sweet-water regions induces lateral movement of the elevated salty
groundwater that causes contamination of the sweet aquifer. This threatens to reduce the usable
groundwater base even further and increases the need for urgent action in this predominantly agricul-
tural economy.

A two-pronged response appears necessary to overcome this paradoxical challenge of too much and too
little water. First, it is imperative to develop an understanding of a system-wide salt balance that maps out
the interactions among irrigation, water application, drainage flux, groundwater levels, and subsequent
levels of salinity. This knowledge will enable planners to determine how much salt needs to be exported
and in what medium it needs to be stored in order to maintain a healthy salt equilibrium. Second, ground-
water needs to be regulated by the state, with individuals licensed to pump predetermined quantities. The
complete lack of regulation – which allows anybody owning a piece of land to sink a well and extract
groundwater – needs to change. This response however, although technically correct, is a huge adminis-
trative challenge due to the fact that the aquifers are large and cannot be confined to political boundaries,
and that currently existing administrative bodies neither have the technical capacity nor the required auth-
ority to monitor and enforce at a scale required for success. Continued support and technical advice from
the international community could help overcome this lack of capacity.

Besides requiring licenses to extract groundwater, it will be important not to subsidize diesel fuel or
electricity for pumping. At present, diesel is not subsidized in Pakistan, which is commendable given the
tremendous pressure agricultural economies face to subsidize machinery purchase and operation costs.
On the other hand, a small fraction of groundwater pumps run on electricity, and electricity for agricul-
ture use costs only 35 percent of the regular price (Briscoe & Qamar, 2005). This preferential rate
encourages the indiscriminate use of pumps to extract groundwater and must be removed.

Adoption of a market-based system to move water will aid the implementation of both policy rec-
ommendations. Where salinity is high, farmers will have the incentive to cultivate saline-resistant crops
or sell their water entitlements to areas with higher water productivity. Decreasing the demand for surface
irrigation in saline areas will automatically regulate the groundwater level and ease the waterlogging pro-
blem. On the other hand, sweet-water areas with depleted groundwater levels will benefit from the
increased availability of water for surface irrigation and depend less on local groundwater extraction.

Movement of water to its highest-value users must be voluntary to be effective. Thus it is crucial for
those who temporarily or permanently retire their water usage to be satisfactorily compensated. Because
this approach does not appear to combat salinity directly, it may appear less attractive from a policy
perspective than the option of simply building drainage infrastructure. Indeed, the extensive surface
drainage scheme proposed in the Lieftinck report was taken up (albeit still not completed) by the Gov-
ernment of Pakistan, while the full integration of groundwater and surface water supplies in the post-
Tarbela decade of 1975–85, advocated by the same report, has been overlooked (Lieftinck et al.,
1998). Nevertheless, managing human expectations and adapting human behavior to link surface and
groundwater usage according to the limitations of the natural environment and man-made infrastructure
is crucial for long-term success.
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Increasing agricultural productivity

Investigations show large disparities in water availability along a given canal; given the lack of proper
monitoring and enforcement of the warabandi system, farmers at the canal head can extract canal water
indiscriminately while farmers at the tail end receive less than their intended share. Indeed, agricultural
productivity at the head and middle parts of the canal is much higher than that at the tail-end (Figure 6).

Yet more water does not necessarily mean higher productivity; Figure 6 shows that farmers at the
canal head appear to be affected by over-application of water. Farmers along the middle part of the
canal fare best, as they tap into groundwater, available on demand, to overcome the unreliability of
canal-water supplies. This dependency on groundwater, however, cannot be sustained, as discussed
in the previous section.

Disparities in production stem not only from the unreliability of the water supply, but also from the
range of technologies adopted in agriculture practices, as depicted in Figure 7. Whereas an increase in
inputs, including water, provides an opportunity to improve production in Pakistan, perhaps a larger
improvement can be obtained through the adoption of efficient irrigation methods and the selection
of high-value crops suited to the particular water availabilities of different sections of the canal com-
mand. The Friends of Democratic Pakistan Water Security Task Force recommends on-farm water
management, public-private partnerships for small dams, improved canal management of main
canals, spate irrigation, and optimal but judicious use of groundwater as various ways to raise agricul-
tural productivity.

Fig. 7. Water productivity (kg production/m3 of water applied) under different agricultural practices (Briscoe & Qamar, 2005).

Fig. 6. Returns to irrigation location in a canal (Briscoe & Qamar, 2005).
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In summary, an increase in agricultural productivity may be achieved through a combination of the
following: further honing the definition of water entitlements for individual farmers throughout the canal
command; continuing to not subsidize electricity to restore balance in groundwater levels; adopting
smarter methods of water application and management; and making an aggressive effort to clarify
those with too much water and those with too little and encourage water trades. The technologies for
achieving all these goals already exist, leaving ‘political will’ as the critical factor for their implemen-
tation. Punjab, with its vision of becoming a ‘regional agricultural powerhouse’ (Nadeem, 2011) offers a
positive example of political leadership willing to take the steps necessary to propel improvement in
agricultural productivity.

Adapting to climate change

There are significant uncertainties on how climate change will affect water supply in the Indus Basin.
A 2012 National Research Council (NRC) of the National Academies of Science report, Himalayan
Glaciers, Climate Change, Water Resources, and Water Security, concludes that the climate of the
region is changing, but there are significant uncertainties with respect to the local impacts of glacial
retreat, glacial melt, snowmelt, and precipitation patterns.

Contributions of snow and glacial melt off the Western Himalayas of the Hindu Kush Himalaya
(HKH) range generate 45 percent, and likely more, of the flow to the basin, thus suggesting a high vul-
nerability to climate change and glacier melting. The HKH stretches 2,000 km across the Asian
continent – spanning Afghanistan, Bangladesh, Bhutan, China, India, Nepal, and Pakistan – and the
region is the source of numerous large river systems, including the Indus, Ganges, and Brahmaputra,
providing a water source to more than one billion people. Scientific evidence indicates that local glaciers
are retreating at rates comparable to those in other parts of the world, and confirms that the rate has
accelerated in the past century (NRC, 2012).

Glacial melt water is an important supplement to naturally occurring runoff from precipitation and
snowmelt, but the magnitude of contribution of glacier melt water to the Indus, as well as to other
major rivers in the HKH, is unclear. Large spatial variability makes it very difficult to generalize obser-
vations of glacial wastage over this entire region (NRC, 2012). In fact, there are no long-term
glaciological mass balance records for the HKH region and few measurements of glacial mass balance
at all (Kaser et al., 2006). Contributing to the confusion about the relative importance of glacial melt to
the discharge of rivers is the often-overlooked differentiation between the relative contributions of snow-
melt and glacial melt. For example, any water source from high elevation is sometimes assumed to be
glacial melt, when in fact snowmelt may be the major contributor (NRC, 2012).

Early estimates indicated that deglaciation, resulting from a gradual rise in temperature in coming
years, would swell glacial melt water, thereby causing flows in the Indus to increase in the short
term perhaps as much as 40 percent and intensify the likelihood of floods. In the long run, however,
retreating glaciers would lower the average flows in the river by up to 60 percent in a hundred years
time, as illustrated in Figure 8 (Briscoe & Qamar, 2005).

Deglaciation of the HKH range, however, has not occurred to the extent predicted earlier, especially
in the Western Himalayas that feed the Indus Basin. Recent information from the Gravity Recovery and
Climate Experiment 5 (GRACE5) satellite mission, a technology that increases model accuracy by inte-
grating glacier mass across the entire region, shows that the loss of glacial ice during the last decade is
much less than previously thought. The GRACE5 study predicts a glacier mass loss of only four
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gigatons per year (Gt/year) for the region of high Asian mountains between 2003 and 2010 (Jacob et al.,
2012), as opposed to earlier, less comprehensive studies that predicted water losses due to glacial retreat
between 2002 and 2006 of 55 Gt/yr for this entire region (Dyurgerov, 2010).

Predicting the impact of climate change on Indus water supply is complicated because many variables
interact to affect glacier retreat and radiative forcing, among them elevation, precipitation regime, local
temperatures, debris cover, and newer, accelerated anthropogenic factors such as aerosols, back soot,
and carbon particles emitted into the atmosphere. Climate change factors also affect snow and rainfall
precipitation, in addition to glacier melt water. In fact, models are about as likely to show increases as
decreases in precipitation across the Western Himalayas.

To sum up, the Indus is vulnerable to climate change because snowmelt and glacier melt from the
Western Himalayas comprise a significant portion of its water supply. In the short term, climate
change is likely to increase glacial wastage. In the longer term, the impact of the continued retreat of
glaciers is not clear (NRC, 2012). In the western HKH, where more of the surface water flow comes
from higher elevations, glacial wastage could be particularly important in affecting the timing and
volume of surface-water discharge, but at present, its extent is largely speculative. The effects of anthro-
pogenic factors on glacier melt and precipitation patterns, for example, are not well understood. It
remains to be seen how much short-term flows will increase due to glacial melting, and whether
long-term flows decrease appreciably due to glacial losses. With climate warming, though, evapotran-
spiration rates are likely to increase across large parts of the irrigated Indus Basin. To compensate,
irrigation water demands may rise, further drawing down surface and groundwater. This trend will be
most important during the dry months of the year.

The hydrograph of the upper Indus Basin is highly seasonal, with about 85 percent of annual dis-
charge occurring between May and September from snow- and glacier melt and monsoon rainfalls.
The largest changes to the hydrological system during the next decade or two could be due to changes
in the timing, location, and intensity of monsoonal activity (NRC, 2012) An example is the flooding in
Pakistan in July and August 2010 (described above) that resulted from an unusual combination of severe
weather events (Lau & Kim, 2011). Glacial wasting played no role in this case.

Given greater climate variability and hydrological extremes, and anthropogenic effects that will likely
affect glacier melt and snowmelt, it is important that Pakistan focus on building infrastructure, insti-
tutions, and applied knowledge on climate change to be able to deal with these variations. It is
urgent to develop weather prediction and climate monitoring – still in their infancy in the country –

and link them to planning and operations in the water sector. Building new, and improving existing,

Fig. 8. Predicted changes in the Indus flows just above Tarbela (Briscoe & Qamar, 2005).
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infrastructure – adding storage facilities and bolstering levees built in the British era – will better prepare
Pakistan for both floods and drought. Institutions also need to be adaptable to increase the flexibility and
resilience of the nation’s approach to climate change. One example is water-trading, to ensure that water
goes to high-value users, with low-value users duly compensated; another is reservoir-operating rules
designed along a sliding scale of expected weather patterns, rather than tied to distinct ‘regular’ and
‘flood’ periods.

As the 2012 NRC report states: ‘One thing is clear. The past is not a good basis for prediction, and past
trends in the climate, hydrology, glacier behavior, population, and water use of the region will not be a
viable guide for the future’ (NRC, 2012). Support must be given to continued research and studies on
the effects of climate change in order to build a robust adaptive water management strategy.

Managing floods

Although floods are recurring events in Pakistan, the necessity of finding a sustainable way to manage
them fades quickly as the waters recede. The nation must replace this short-term reactive approach with
steps to strengthen its long-term flood security. This can be achieved by building the infrastructure, insti-
tutions, and information systems in order to be able to anticipate floods and manage them in a way that
minimizes their damages when they inevitably do occur.

The country’s two existing reservoirs, Tarbela and Mangla, played an important role in absorbing
flood peaks in 2010 (Farrukh, 2010). (The Asian Development Bank claims that having the capacity
to store a mere 15 percent of the water that drained to the sea during that year’s floods would not
only have reduced damages, but also have ensured irrigation supplies for the entire year and provided
enough water to meet downstream environmental needs.) Thus, even though building additional
storages dam is central to flood control, proper operation and maintenance of existing barrages and
levees are equally important. The majority of the structural failures during the 2010 flood, which
accounted for much of the human loss, occurred before water levels reached their designated
capacity—suggesting poor design or a lack of proper operation and maintenance (Farrukh, 2010).

The Indus, with its high silt load, has a natural tendency to meander as silt deposition raises the riverbed
and causes the water to shift to adjacent lower ground. Because erecting levees to guide the course of the
river prevents these natural shifts, the levee structure must be sturdy enough to withstand the water pressure
in the resulting channel. The immensity of this pressure during flood time, when combined with century-
old, poorly maintained structures and increased riparian settlement, results in a very high risk of disaster.

It is also essential to make institutional improvements in designating floodways, flood-time operating
rules, and resettlement and compensation mechanisms for those harmed. The magnitude of flood risk
depends upon two components: probability of flood occurrence and impact of flood. Little can be
done to reduce the former, but the latter can be greatly reduced by such improvements, as well as by
adopting forecasting techniques used in other flood-prone regions of the world and installing adequate
flood-warning transmission systems.

Environmental flows

The need for environmental flows in the Indus Basin was acknowledged for the first time in 1991,
during the writing of the Water Apportionment Accord. The provinces, however, were not able to
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agree on the amount necessary for the environment at the time and further studies were planned to deter-
mine this number (Government of Pakistan).

The international panel of experts that carried those out states in its final report (2005) that a perennial
flow of 5,000 cubic feet per second is required from Kotri Barrage to the sea to check seawater intrusion,
sustain coastal fisheries, prevent salinity accumulation in the basin as a whole, and maintain a sustain-
able environment in the delta (Gonzalez et al., 2005). The report also calls for a cumulative flow of 25
million acre-feet (maf) in a five-year period in order to meet the sediment demand of the coast, required
because the extensive IBIS canal network, by diverting most of the river’s water to irrigation, has sub-
stantially reduced the sediment supply to the delta. A concentrated high flow, achieved during the Kharif
monsoons, is thus necessary to restore sediment equilibrium, given the now permanently altered flows.
(In the former, completely natural, environment, 400 million tons of sediment was supplied to the Indus
delta every year, enlarging the coast by about 30 meters annually. Today, the much smaller amount of
sediment called for in 2005 report is deemed sufficient to maintain a stable coastline and sustain the
mangroves essential to the ecosystem of the delta (Gonzalez et al., 2005).

Establishing these numbers has not meant the recommendations have been carried out. The Accord
recognizes that environmental flows are needed, but neither allocates them separately, nor indicates
from which province’s share the flows must come. Although IRSA includes water for the environmental
while calculating allocations for the provinces in each 10-day period, environmental flows are the first to
be compromised when the system’s supply is insufficient. Although Sindh, the southernmost province and
site of the delta, is a strong proponent of meeting environmental needs, the other three provinces claim that
this requirement is fulfilled, asserting that up to 30 maf flow through the Kotri Barrage in certain years.
But this holds true only in years when floods occur. Meanwhile perennial flows are largely ignored, as
farmers at the mouth of the river describe the trickle that flows into the sea during the late rabi months.
With such a large part of its economy dependent on the river, the long-term cost of ignoring environ-

mental flows is too high for the inhabitants of the Indus Basin to avoid. The fate of these flows cannot be
left to the handful of NGOs that advocate environmental flows; it must become part of Pakistan’s
national water strategy. As plans for constructing new storage facilities (Basha for example) advance,
there is an opportunity to revisit the procedure of making allocations and recognizing the environment
as a rightful recipient. We must recognize, however, that this window of opportunity is narrow, because
the provinces will claim increases in current allocations, which challenges the federal government to
take a strong stance to prioritize environmental needs for the long-term benefit of the overall basin.

Infrastructure: building new storage

When the IBRW commenced, Tarbela and Mangla were envisioned as only the beginning of a vast
array of storage dams on the Indus. In such an arid climate fed by highly variable rivers, large dams are
the only method to ensure a year-round surface water supply for irrigation. Indeed, the 1968 Lieftinck
Report, which recognized agriculture as the core of Pakistan’s long-term development plan, flagged
insufficient irrigation development as one of the major factors limiting the growth of agricultural pro-
duction between 1950 and 1960. The report recommended Tarbela as the project centerpiece, to be
followed by a sequence of additional dams on the Indus, with at least one Tarbela-sized reservoir con-
structed every 10 years to meet increasing agricultural demands. And it detailed that every additional
million acre-feet of storage available for agriculture would create an annual yield of a million acre-
feet. As depicted in the storage yield curve shown in Figure 9, this meant that the Indus still had
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significant storage potential remaining to be tapped. The urgency of building additional storage facilities
was further amplified by the prediction that the capacities of the existing dams would decrease over time
because of the river’s high silt load.

The Lieftinck Report put forward a second reason to construct additional storage facilities – Paki-
stan’s enormous untapped hydropower potential – and predicted that a quarter of Tarbela’s direct
benefits would come from hydropower, which turned out to be an underestimate. The report calculated
that the annual increase in electricity production needed to be approximately 13 percent for Pakistan’s
growth targets to be met; hydropower generated from large dams was expected to be clean, cheap, and
abundant if storage facilities were built according to the proposed schedule (Lieftinck et al., 1998).

Institutional challenge of the present: 1991 Water Apportionment Accord

The 1991 Water Apportionment Accord governs interprovincial sharing of surface waters in Pakistan
and underlies federal–state interactions on water management in the Indus Basin. A major achievement,
the Accord is the first of its kind in South Asia (India still lacks one); it came into being after a hurried
meeting of the chief ministers of the Pakistan’s four provinces in 1991. Its main goal was to formalize
water distribution procedures in order to build trust among the provinces, a critical step in achieving
consensus on building additional storage facilities and setting their operating rules. The IRSA was
set up to implement the Accord.

The success of such an accord can be measured by its stability and predictability as well as its adap-
tability and flexibility to changing conditions over time. By these criteria, the Accord is a ‘glass both
half full and half empty.’ In the two decades since it came into being, it has worked reasonably well
in terms of providing a framework for distributing canal water among the provinces. It protects the ‘his-
toric uses’ of water from the post-Tarbela period of 1977 to 1982. But the Accord has been implemented
to prioritize irrigation – its stated purpose at the time it was written – at the cost of potentially more
valuable functions such as hydropower generation and flood control. This aligns with the previously
discussed hypothesis that legality takes precedence over practicality in Pakistan. Most important: the
Accord is lacking in terms of building trust; in many ways, its operational opacity has exacerbated his-
torical animosities among the provinces. We present below a detailed investigation of these ambiguities,
followed by suggestions for overcoming them to achieve operational efficiency in a way that strength-
ens, and not weakens, water security of the basin.

Fig. 9. Storage additional-yield curve for the Indus (Briscoe & Qamar, 2005).
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Key ambiguity in the Accord: definition of initial conditions

The key ambiguity in the Water Apportionment Accord stems from its definition of ‘initial con-
ditions’, those under which it is applicable. The interpretation of these conditions has very real
effects because the allocation of water to each province varies considerably depending on the definition
chosen. Punjab takes the view that the distribution percentages laid out in paragraph 2 of the Accord are
contingent on the completion of additional storage facilities, up to a total storage capacity of 114 maf in
the basin. (The capacity was 103 maf when the Accord was written; it has decreased since, as existing
reservoirs silt up.) By claiming that paragraph 2 divides a total of 114 maf, Punjab asserts that the
Accord cannot come into effect until that capacity is reached and that in the interim, water should be
distributed by following the historical-use percentages laid out in paragraph 14(b) of the Accord.
Sindh’s take, on the other hand, is that once the 10-daily distribution allotments were worked out
during the drafting of the Accord in 1991, the distribution of water was by default to be done according
to the percentages specified in paragraph 2.

Evolution of interpretations of the Accord: 1991 to present

Interestingly, for all the debate over the legality of different paragraphs of the 1991 Accord, water
allocation continued to be done more or less on an ad hoc basis until 1999. With ample water available,
the provinces received their indents (their needs as specified to IRSA) and there was no controversy over
distribution. After 1999, however, declining availability led to the implementation of a 1994 ministerial
decision that called for water to be allocated according to the historical uses of 1977–82; the argument
was that, in a period of low water availability, the actual uses of the post-Tarbela period should take
precedence over the percentages specified in paragraph 2 of the Accord. This interpretation held
sway until 2001–02, when the Law Division declared it illegal and therefore void. Yet controversy
about the initial conditions continued, and in 2003, at a time of extreme water deficit in the basin,
IRSA devised a three-tier formula for water allocation that continues in force today.

The interesting point here is that new interpretations of the Accord surfaced whenever water avail-
ability was low. Whenever a new interpretation surfaced, a strong emphasis was placed on legality;
but in the end, the ruling interpretation turned out to be politically, not technically, motivated. Figure 10
summarizes the evolution of the Accord, juxtaposing it with water availability in the system.

Current sources of inter-provincial mistrust

The Accord was intended to improve provincial solidarity and thus enable the building of additional
storage facilities. But clashes over the document’s details (as noted above) and failure to enforce it in an
equitable and universally acceptable manner at the federal level (described below) have allowed inter-
provincial mistrust to flourish in the Indus Basin.

Exemption of smaller provinces from sharing shortages. The Accord envisages proportional sharing
of surpluses and shortages among all four provinces. However, a political maneuver by IRSA in 2003
exempted the two smaller provinces, KPK and Balochistan, from sharing shortages. Thus, whenever the
total volume of water in the system falls below that of total actual use in the 1977–82 period, the
deficiencies are absorbed by Punjab and Sindh, while KPK and Balochistan get their full shares.
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This arrangement interferes with the historical uses established by the larger provinces; furthermore,
because KPK and Balochistan have not yet developed adequate uses for their shares, the exemptions
mean that even during shortages, the two provinces get more water than they can use while the rest
of the basin runs short. Sindh contends that its position as the lowest riparian province makes it
suffer disproportionately from this arrangement, because excess flows from KPK and Balochistan are
absorbed by Punjab before entering Sindh. This unjustified adjustment to the Accord therefore
allows plenty of room for suspicion regarding the true driver of the implementation of the Accord.

Three-tier method of water allocation. IRSA currently distributes water among the provinces using a
three-tier method that applies one of three different directives depending on how much total water is
predicted to be available in the system in an upcoming year.

In the low-availability scenario – a water total less than the average availability in the 1977–82 period –
water is distributed as per paragraph 14(b) of the Accord. This arrangement favors Punjab because the
province’s agricultural network was the most extensively developed during the period and therefore its
established historical uses are the largest. Punjab is thus comparatively better off during times of drought,
when water is most desirable to all provinces.

In the medium-availability scenario – a water total greater than the average availability in the 1977–82
period but less than that defined in paragraph 2 of the Accord (114 maf) – historic uses are protected as
laid out in paragraph 14(b) for the distribution of up to 103 maf, with the balance distributed as per
paragraph 2. Sindh fares better here, but because this scenario is less common, and the marginal
value of water is not as high as in the low-availability scenario, the province remains disgruntled.

In the high-availability scenario – a water total greater than that defined in paragraph 2 of the Accord –
allocations totaling 114 maf are to be made as per paragraph 2, and any excess water is to be distributed as

Fig. 10. Evolution of the interpretation of the Accord: 1991 to present (Kasuri et al., 2011).

M. Condon et al. / Water Policy 16 (2014) 58–86 79



per paragraph 4. This scenario is rare and, with storage facilities in very short supply in the basin, exists
only during floods, when provinces are not competing for water.

Sindh argues that the Accord does not envisage such a three-tier methodology and thus its very use is
baseless. Further, the 2003 meeting minutes of IRSA’s Advisory Committee state that the three-tier
arrangement was devised for use only for that year. Nevertheless it continues to be implemented and
is now established as a functioning, although uneasy, modus operandi despite constant carping,
especially from Sindh, about its validity.

Failure to appeal to the Council of Common Interests (CCI). Articles 153–155 of the constitution of
Pakistan give the provinces access through the CCI to appeal any water-related decisions of IRSA to the
federal government. The CCI is a political body, comprised of the chief ministers of the provinces and
headed by the prime minister. The constitution further specifies that a province dissatisfied with the
CCI’s decision on any matter may take the issue to a joint-sitting of the parliament. Yet despite con-
stantly expressed provincial dissatisfaction with the Accord’s perceived ‘unfairness,’ no party has yet
taken IRSA’s decisions to the CCI. This allows the province that appears to be benefiting from the
arrangement to maintain that any misgivings are baseless and have no legal basis, but it also speaks
to a lack of confidence in the country’s judicial system and the perceived risk of coming out ‘worse
off’ as a result of an appeal.

Indus River System Authority. Several technical and institutional issues related to IRSA’s implemen-
tation of the Accord also prevent building the trust among the provinces originally envisaged by the
Accord.

Technical issues: (i) Water availability prediction: provincial politicization of a technical task. As
noted above, IRSA determines water allocation among Pakistan’s provinces based on the total
amount of water predicted to be in the system in a given year. Needless to say, determining this total
is one of the most important decisions IRSA makes, yet the process of arriving at the predicted
amount, a purely technical task that should be removed from all political considerations, is highly poli-
ticized in Pakistan. There are two major weaknesses in the methodology that IRSA uses to predict water
availability: one is the accuracy of the method adopted, the other the conflict of interest among the par-
ties providing input toward the decision.

The method of assessing water availability is rudimentary: separate estimates supplied by IRSA,
WAPDA, and the provinces are averaged to reach a final prediction. Each party providing input arrives
at its own number by taking the actual amount of water available in the previous rabi season, picking
out specific years from historical records that had similar precipitation in the rabi season, then averaging
the precipitations from the corresponding kharif seasons and extrapolating to get the prediction for the
upcoming kharif. Not only does this method fail to take into account any weather prediction or climate
change patterns, it completely ignores the increasing variability likely to ensue with climate change. The
prediction process generates a high degree of anticipation and strong media coverage, but its accuracy is
overlooked.

The second concern is the conflict of interest among the parties providing data for the decision.
IRSA’s Technical Committee takes into consideration the prediction of each province. As described ear-
lier, however, the distribution proportions depend upon the total predicted availability of water, with
different provinces gaining or losing under different scenarios; each province therefore has regional
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self-interests likely to sway its individual prediction. This flawed process naturally undermines trust in
IRSA as a neutral predictor, arbiter, and provider of water to the provinces.

Technical issues: (ii) Flow monitoring: federal mandate reliant on provincial cooperation. IRSA’s
mandate to allocate water necessitates monitoring withdrawals at different canal heads and barrages
to ensure provincial compliance with allotted withdrawal amounts, but IRSA officials have neither
the capability nor the authority to conduct such monitoring. Because the barrages where canal heads
are situated are owned by the provinces, provincial engineers bar IRSA officials, who are federal
agents, from placing their gauges and obtaining data. Thus provinces currently self-report their water
withdrawal amounts, IRSA officials cannot verify the data, and IRSA is not authorized to take any puni-
tive action toward uncooperative provinces.

In 2002–03, WAPDA and IRSA attempted to install a telemetry system along the length of the irriga-
tion network to obtain independent, automated water-level readings, but this system never became fully
functional and in fact caused further inter-agency conflict. The resulting lack of transparency allows pro-
vinces to withdraw more than their allocated share, leaving less water for the lower riparian province.
And in cases where a lower riparian province is withdrawing more than its share, the absence of moni-
toring by a central agency like IRSA allows that province to continue pretending it is getting less than its
share. Thus the inability to perform an objective water audit creates space for each province to blame the
rest for illegally abstracting more than their fair share.

The ministerial meeting that launched IRSA thus gave it a mandate to allocate water among the states,
but did not fully enable IRSA to fully execute this mandate. The assumption that all provinces would
support transparent data-sharing was a major error by the country’s political leadership while IRSA was
being created. There are efforts underway to revive a few of the existing telemetric monitoring stations,
but a more long-term solution must be found by initiating a comprehensive monitoring process that has
the trust and buy-in of the agencies at both the federal and provincial levels.

Technical issues: (iii) Increasing conveyance losses. During the last decade, reported ‘conveyance
losses’ between barrages have grown to an estimated 20 maf. Yet there is no effective measurement
of these ‘conveyance losses’ and they are widely perceived as ‘unauthorized abstractions’ by influential
politicians and large landlords. Buttressing this perception is the fact that no known changes in river
morphology or canal conditions could account for such a rapid increase. Thus there is urgent need
for a sound technical assessment of these ‘losses.’ Punjab has taken a positive step in this regard by
putting its 2007 canal-head entitlements and deliveries online (Punjab Irrigation & Power Department,
2013). The other provinces need to adopt this practice to increase transparency in the system.

Institutional issues: (i) Weak enforcement authority. IRSA’s ability to manage the Accord and miti-
gate interprovincial mistrust is also hampered by critical institutional issues.

The existing Accord is an incomplete contract. IRSA is not authorized to verify withdrawal numbers
reported by provinces, in part because irrigation is a provincial subject under the constitution and hence bar-
rages and canal infrastructure are under provincial management. IRSA is not authorized to take any punitive
action toward provinces not in compliance with their allocated withdrawing amounts. Thus, a province that
self-reports excess withdrawal amounts is not subject to consequences such as fines or reduction in water
allocations in the future. This complete lack of punitive action makes unauthorized over-withdrawal of
water a viable option whenever necessary, thereby delegitimizing the very existence of IRSA.
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Institutional issues: (ii) Lack of funding and subsequent loss of autonomy. At its inception, IRSA was
envisaged as corporatized, but that never happened; the authority is still operating under the Ministry of
Water and Power and relies on it for its budget. This has compromised IRSA’s overall autonomy. The
funds it receives from the federal government are neither sufficient nor disbursed to defray operating
costs such as employee salaries and benefits in a timely manner. Consequently, IRSA members often
have to rely on their provinces to provide them with benefits such as housing and transport at the
IRSA offices in Islamabad. This dependent relationship means that IRSA members often consult
with their provinces before making decisions regarding water allocations – and so decisions that are
inherently technical become politicized, thereby increasing mistrust of IRSA itself and inter-provincial
water allocations. Furthermore, underfunding means that IRSA is compelled to sell its data to obtain
funds. This lack of freely available data does not improve an already opaque system.

Important steps have recently been taken to secure reliable sources of IRSA funding. These sources
include first, a portion of the revenue from hydropower generation (rupees [Rs] 140 million annually)
from the electricity authority, and second, a payment from the provinces per acre-feet water used for
irrigation (Rs 20 million annually). These steps are designed to increase annual revenue from the present
Rs 26.5 million to Rs 190 million (Interview, 2011). Although this appears to be a significant increase
and the federal government is pressuring IRSA to draw up a clear statement of policy to properly utilize
these funds, the initiative again fails to take into account the political economy amid which these funds
are to be obtained. Some parties benefit (in the short run, at least) from the lack of water accounting,
which may explain why the provinces have yet to make their payments, even though this new regulation
was instituted more than a year ago. Nor are punitive measures are specified for noncompliance in pay-
ments, leading to speculation that this may be yet another change confined to paper.

Institutional issues: (iii) Absence of an overarching regulatory framework in the water sector. This
overview clearly shows that no single Pakistani agency or regulatory framework at the federal level
is responsible for overall planning and development of the nation’s water sector. The recently enacted
Eighteenth Amendment to the Constitution further devolved federal responsibilities to the provinces,
and it is not clear how the provinces will coordinate in carrying out various functions, after all, the
hydrologic system knows no political boundaries, and externalities from one province are bound to
affect other provinces in the basin. For example, now that the federal Ministry for the Environment
has been dismantled in order to grant provinces autonomy in carrying out activities related to the
environment, it is unclear who will become responsible for the institutionalization of much needed
environmental flows in the basin.

Lack of an inter-ministerial and inter-provincial coordinating body that facilitates sharing ideas across
departmental boundaries is seen as a serious deficiency in Pakistan’s water sector. The creation of such a
coordinating agency might be seen as increasing transaction costs; but if planned carefully, such an
agency has the potential to mobilize resources needed to handle twenty-first century challenges.

Possible next steps: increasing transparency to reduce mistrust

In the short and medium term, Pakistan’s water agencies could take several key steps to increase oper-
ational transparency and bolster the institutional framework in the water sector. These incremental and
complementary steps will increase the likelihood of greater trust among provinces, improved
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coordination, greater efficiency; all to realize more fully the sector’s growth potential and contribution to
national development.

Improve water availability predictions. The country’s federal water agencies, IRSA and WAPDA,
along with provincial irrigation departments, need to work together to set up an independent, reliable,
and modern water-prediction methodology. In this regard, it may be appropriate to consult with other
large multi-state basins around the world and adopt the technology most suited to the Indus Basin,
as well as to invest in enhancing existing indigenous capacity. Provincial irrigation departments
should increase their individual capacity to collect and interpret data.

Establish independent monitoring. As water availability prediction systems are enhanced, a concerted
federal and provincial process needs to be put in place that will supply a reliable method of flow moni-
toring and a through audit of conveyance losses. Such increased transparency may eventually involve
asking provinces where conveyance losses have increased to compensate those that have suffered as
a result of such losses. That means an appropriate compensatory mechanism must also be put in
place. If it proves more expedient, however, to set aside past irregular behavior and focus on forward
auditing, then that decision must be made, with the goal of gaining universal approval for, and installing,
a monitoring system that is independent, trustworthy, and technically robust.

Formalize water trading. A first step towards formalizing the trading of water promoting higher-value
uses can be the compensated transfer of water between provinces. IRSA’s functional decision to exempt
KPK and Balochistan from sharing of shortages, in effect, means that the ‘unused’ portions of their allo-
cations are utilized by the larger provinces, mainly Punjab. The smaller provinces have increasingly
sought compensation from the larger provinces for making use of the former’s unused shares of
water; formal compensation would signify that the larger provinces recognize they are using another
province’s share. Thus, in a future assessment of water allocations, a large province would not be
able to claim the greater amount simply based on ‘established use’ but will have to make some sort
of payment for a permanent transfer of entitlement. Although these requests are being resisted for
now, it is likely they will continue to grow and the resulting pressure will prompt some action. The
de facto operation of the Accord is, in fact, a golden opportunity for IRSA to develop an inter-provincial
water-trading mechanism that sets the stage for such trading to begin at the more micro-level trading
between farmers and across sectors towards higher-value users.

Modernize sharing of hydropower royalties. Article 161(2) of the constitution of Pakistan provides that,
‘The net profits earned by the Federal Government or any undertaking established or administered by the
Federal Government for the bulk generation of power at a hydro electric station shall be paid to the province
in which the hydro-electric station is situated.’ Unfortunately, this clause has hindered the construction of
new dams for hydropower, primarily because it gives the provinces a huge incentive to situate power-plant
turbines in their territory (so they can be the main beneficiary), but not all locations are geographically
suited for the placement of power plants. Sindh in particular cannot house a reservoir, given its flat terrain,
and thus cannot benefit from hydropower profits under the present benefit-sharing formula. This arrange-
ment – in which at least one party faces risks, but inherently cannot receive any benefits – causes endless
wrangling that not only delays the setup of much-needed power plants but also induces a negative spiral of
behavior: ‘If we cannot benefit, neither will we let anyone else.’At the national level, lower-cost electricity,
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particularly in the form of clean hydropower, would benefit every citizen, but the exigencies of politics and
the constitutional benefit-sharing formula prevent additional storage construction.

To modernize its system, Pakistan might emulate other federal countries that have developed better
benefit-sharing mechanisms. In particular, there is a growing consensus that those communities
paying the direct costs of dam-building (e.g. facing resettlement) should be the primary beneficiaries.
In Brazil, for example, 3 percent of hydropower revenue goes to affected provinces and a further 3 per-
cent to affected municipalities (World Bank, 2004). Such a combination – of direct compensation to
those on the front line, and shares for other stakeholders in proportion to the risk they face – will
likely enable Pakistan to gather the political buy-in necessary to build its much-needed reserves.

Conclusion

This discussion of the ambiguities in the Accord and the lack of transparency in the Accord’s implemen-
tation illustrates how provinces have reached a stalemate amidst a complex modus operandi. The true
challenge in the Indus Basin appears to be emphasizing the water sector as a national priority that can
and must outweigh Pakistan’s deepening provincial factionalism. The previous discussion of the Accord’s
ambiguities and lack of transparency in implementation showcased how the provinces have reached the
present stalemate, and – because no one province appears able to take the risk of unraveling the system
– suggests why no appeal to the Council of Common Interests (the formal path out of this uneasy equili-
brium) has yet been sought. The discussion has also highlighted the irony of how legality is undermined in
the most legally conscious of societies. In fact, the pursuit of a legal solution itself is questionable, because
the challenges at hand have technical solutions that have proven successful in other federal river basins of
the world. The need for additional storage capacity, for example, is widely acknowledged. The legal path
appears simply to obstruct progress by adding extra time and rigidity to the process.

One only needs to glance at historical accounts to see the wonders of the Indus Basin: transformed
from a desert to a prolific breadbasket, a basin that lost half its rivers and yet continued to thrive, that
rescued entire fields from the grasp of salinity, and that has the resilience to withstand, time and again,
the most calamitous natural phenomena. The past has shown how the people of the Indus pioneered
engineering projects massive enough to change the hydraulics of the entire basin. Perhaps it is from his-
tory that the basin today can draw inspiration, so that its residents remember that the region does not
adhere to political boundaries, but instead that coordination and cohesive action form the core of
today’s required responses. Transboundary challenges also loom large – issues on the IWT with
India and potential concerns with Afghanistan over the Kabul River – making in-house unity an absolute
prerequisite if national water interests are to be secured. There is much to be done in the Indus Basin, but
the past shows the resolve and capability this basin is made of. Rebuilding national solidarity in the
water sector – on the foundations of transparency and the resulting interprovincial trust – is the primary
challenge of the twenty-first century.

Acknowledgements

The work reported in this paper was overseen by Harvard University Professors John Briscoe, Jody
Freeman and Richard Lazarus and managed by Peter Brooks. The study benefited from the inputs of

M. Condon et al. / Water Policy 16 (2014) 58–8684



many individuals interviewed in the course of a field visit to the basin in January of 2012 and partici-
pants – including Idris Rajput, Shakil Durrani and Khalid Mohtadullah – in an April 2013 workshop at
Harvard University. The work was funded by Pepsico and the TomKat Fund.

References

Ahmad, S. (2005). Background Paper 5 – Water Balance and Evapotranspiration. Pakistan’s Water Economy: Running Dry,
Oxford University Press.

Ahmad, S. (2007). Land and water resources of Pakistan – a critical assessment. The Pakistan Development Review 46 Part II
(Winter 2007), 911–937.

Ahmad, B. (2008). Demonstration River Basins in Pakistan. Water Resources Research Institute National Agriculture Research
Center, Islamabad, Pakistan.

Ali, I. (2005). Background Paper 9 - Country Water Resources Assistance Strategy. Pakistan’s Water Economy: Running Dry,
Oxford University Press.

Aloys, M. (1967). The Indus Rivers: A Study of the Effects of Partition. Yale University Press, New Haven, CT, USA.
Amir, P. (2005a). Background Paper 10 – Country Water Resources Assistance Strategy. Pakistan’s Water Economy: Running
Dry, Oxford University Press.

Amir, P. (2005b). Background Paper 12 – Agricultural Modernization Through Better Water Management. Pakistan’s Water
Economy: Running Dry, Oxford University Press.

Bandarogoda, D. & Rehman, S. (1995). Warabandi in Pakistan’s Canal Irrigation Systems: Widening Gap Between Theory
and Practice. International Irrigation Management Institute, Colombo, Sri Lanka. Available online at http://pdf.usaid.gov/
pdf_docs/PNABY457.pdf.

Blackmore, D. & Hasan, F. (2005). Country Water Resources Assistance Strategy Background Paper 6 – Water Rights and
Entitlements. Pakistan’s Water Economy: Running Dry, Oxford University Press.

Briscoe, J. (2010a). Troubled waters: can a bridge be built over the Indus? Economic and Political Weekly XLV(50).
Briscoe, J. (2010b). War or Peace on the Indus? The News International, Saturday, April 3, 2010. Available online at http://
www.thenews.com.pk/TodaysPrintDetail.aspx?ID=232342&Cat=9&dt=4/3/2010 (accessed September 22, 2013).

Briscoe, J. & Qamar, U. (2005). Pakistan’s Water Economy: Running Dry 5. Oxford University Press.
Chaudry, S. (2010). Pakistan: Indus Basin water strategy – past, present, and future. Lahore Journal of Economics 15, 187–211.
Dyurgerov, M. B. (2010). Reanalysis of glacier changes: from the IGY to the IPY 1960–2008. Data of Glaciological Studies
108, 1–116.

FAO (2011). Indus River Basin. Food and Agriculture Organization, Aquatat. Available online http://www.fao.org/nr/water/
aquastat/basins/indus/print1.stm.

Farrukh, R. M. (2010). Pakistan Flood 2010: A Snapshot. Asian Development Bank, Manila, Phillipines.
Gilmartin, D. (1994). Scientific empire and imperial science: colonialism and irrigation technology in the Indus Basin. The
Journal of Asian Studies 53, 1127–1149.

Gonzalez, F. J., Basson, T. & Schultz, B. (2005). Final Report of IPOE for Review of Studies on Water Escapages below Kotri
Barrage. IPOE.

ICIMOD (2011). Indus Basin Initiative. Workshop on Hydro-Meteorological Monitoring of the Upper Indus Basin. ICIMOD,
Kathmandu, Nepal.

Intergovernmental Panel on Climate Change (IPCC) (2007). Fourth Assessment Report: Climate Change (AR4). IPCC, Geneva,
Switzerland.

Interview with IRSA Member KPK (2011). Islamabad, Pakistan.
Jacob, T., Wahr, J., Pfeffer, W. & Swenson, S. (2012). Recent contributions of glaciers and ice caps to sea level rise. Nature
482(7386), 514–518.

Kamal, A. & Rehman, H. (2010). Indus Basin River System – Flooding and Flood Mitigation. ICIMOD, Kathmandu, Nepal.
Kaser, G., Cogley, J., Dyurgerov, M., Meier, M. & Ohmura, A. (2006). Mass balance of glaciers and ice caps: Consensus esti-
mates for 1961–2004. Geophysical Research Letters 33, L19501.

Kasuri, L., Lohani, A., Sattar, E. & Yousuf, M. (2011). Pakistan Trip Report, Harvard University, MA.

M. Condon et al. / Water Policy 16 (2014) 58–86 85

http://pdf.usaid.gov/pdf_docs/PNABY457.pdf
http://pdf.usaid.gov/pdf_docs/PNABY457.pdf
http://pdf.usaid.gov/pdf_docs/PNABY457.pdf
http://www.thenews.com.pk/TodaysPrintDetail.aspx?ID=232342&Cat=9&dt=4/3/2010
http://www.thenews.com.pk/TodaysPrintDetail.aspx?ID=232342&Cat=9&dt=4/3/2010
http://www.thenews.com.pk/TodaysPrintDetail.aspx?ID=232342&Cat=9&dt=4/3/2010
http://www.fao.org/nr/water/aquastat/basins/indus/print1.stm
http://www.fao.org/nr/water/aquastat/basins/indus/print1.stm
http://www.fao.org/nr/water/aquastat/basins/indus/print1.stm
http://dx.doi.org/10.2307/2059236
http://dx.doi.org/10.1038/nature10847
http://dx.doi.org/10.1029/2006GL027511
http://dx.doi.org/10.1029/2006GL027511


Kazi, A. H. (2005). Background Paper 14 – Flood Control and Management. Pakistan’s Water Economy: Running Dry, Oxford
University Press.

Khan, A. (2001). Searching Evidence for Climatic Change: Analysis of Hydro-Meteorological Time Series in the Upper Indus
Basin. International Water Management Institute, Lahore, Pakistan (IWMI Working Paper 23). Available online at http://
www.iwmi.cgiar.org/Publications/Working_Papers/working/WOR23.pdf.

Lau, K. & Kim, K. (2011). The 2010 Pakistan flood and Russian heat wave: teleconnection of hydrometeorological extremes.
Journal of Hydrometeorology 13, 392–403.

Lieftinck, P., Sadove, A. R. & Creyke, T. (1968). Water and Power Resources of West Pakistan: A Study in Sector Planning.
The World Bank, Johns Hopkins Press, Baltimore, MD, USA.

Mustafa, D. & Wrathall, D. (2010). The Indus Basin Floods of 2010: The Cost of Agricultural Development? 2 On the Water
Front. Available online at http://www.worldwaterweek.org/documents/Resources/Best/2010/2011_OTWF_Daanish_
Mustafa.pdf.

Nadeem, A. (2011). Interview with Arif Nadeem. Punjab Secretary for Agriculture.
NASA (2002). Image available at http://visibleearth.nasa.gov/view.php?id=62558.
National Research Council (NRC) (2012). Himalayan Glaciers: Climate Change, Water Resources, and Water Security. The

National Academies of Science, Washington, DC, USA.
Pakistan Ministry of Water and Power (PMWP) (2002). National Water Sector Strategy, National Water Sector Profile. Avail-

able online at http://waterinfo.net.pk/cms/pdf/vol2.pdf.
Pointus, D. (1997). Colorado River Basin Study: A Report to the Western Water Policy Review Advisory Commission.
Punjab Irrigation & Power Department (2013). Water Entitlements. Available online at http://irrigation.punjab.gov.pk/Entitle-

ment.aspx.
Qureshi, A.S., McCornick, P.G., Qadir, M. & Aslam, Z. (2008). Managing salinity and waterlogging in the Indus Basin of

Pakistan. Agricultural Water Management 95, 1–10.
Salman, M. (2008). The baglihar difference and its resolution process – a triumph for the Indus waters treaty? Water Policy 10,

105–117.
Tariq, S. (2007). Indus Waters Treaty and Emerging Water Management Issues of Pakistan. Islamabad Policy Research Insti-

tute, Pakistan.
Trimble, C., Yoshida, N. & Saqib, M. (2001). Rethinking Electricity Tariffs and Subsidies in Pakistan. Report, Number 62971-

PK, World Bank, New York, USA.
Ul Haq, A. (1998). Case Study of the Punjab Irrigation Department: Consultancy Report. Pakistan National Program, Inter-

national Irrigation Management Institute, Lahore.
Ullah, M. K., Habib, Z. & Muhammad, S. (2001). Spatial distribution of reference and potential evapotranspiration across The

Indus Basin irrigation systems. Working Paper 24. International Water Management Institute (IWMI), Lahore, Pakistan.
Available online at http://www.iwmi.cgiar.org/Publications/Working_Papers/working/WOR24.pdf.

USAID (2010). Pakistan: Property Rights and Resource Governance. United States Agency for International Development.
Available online at http://usaidlandtenure.net/sites/default/files/country-profiles/full-reports/USAID_Land_Tenure_Pakis-
tan_Profile_0.pdf.

van Steenbergen, F. & Shamshad, M. G. (2005). Background Paper 11 – Groundwater Development and Management in Paki-
stan. Pakistan’s Water Economy: Running Dry, Oxford University Press.

World Bank (2004). Involuntary Resettlement Sourcebook. Available online at http://indr.org/wp-content/uploads/2013/02/
World-Bank-Involuntary-Resettlement-Sourcebook.pdf.

Yu, W., Yang, Y.-C., Savitsky, A., Alford, D., Brown, C., Wescoat, J., Debowicz, D. & Robinson, S. (2013). The Indus Basin
of Pakistan: The Impact of Climate Risks on Water and Agriculture. The World Bank, Washington, DC, USA.

M. Condon et al. / Water Policy 16 (2014) 58–8686

http://www.iwmi.cgiar.org/Publications/Working_Papers/working/WOR23.pdf
http://www.iwmi.cgiar.org/Publications/Working_Papers/working/WOR23.pdf
http://www.iwmi.cgiar.org/Publications/Working_Papers/working/WOR23.pdf
http://dx.doi.org/10.1175/JHM-D-11-016.1
http://www.worldwaterweek.org/documents/Resources/Best/2010/2011_OTWF_Daanish_Mustafa.pdf
http://www.worldwaterweek.org/documents/Resources/Best/2010/2011_OTWF_Daanish_Mustafa.pdf
http://www.worldwaterweek.org/documents/Resources/Best/2010/2011_OTWF_Daanish_Mustafa.pdf
http://visibleearth.nasa.gov/view.php?id=62558
http://visibleearth.nasa.gov/view.php?id=62558
http://waterinfo.net.pk/cms/pdf/vol2.pdf
http://waterinfo.net.pk/cms/pdf/vol2.pdf
http://irrigation.punjab.gov.pk/Entitlement.aspx
http://irrigation.punjab.gov.pk/Entitlement.aspx
http://irrigation.punjab.gov.pk/Entitlement.aspx
http://dx.doi.org/10.1016/j.agwat.2007.09.014
http://dx.doi.org/10.1016/j.agwat.2007.09.014
http://www.iwmi.cgiar.org/Publications/Working_Papers/working/WOR24.pdf
http://www.iwmi.cgiar.org/Publications/Working_Papers/working/WOR24.pdf
http://usaidlandtenure.net/sites/default/files/country-profiles/full-reports/USAID_Land_Tenure_Pakistan_Profile_0.pdf
http://usaidlandtenure.net/sites/default/files/country-profiles/full-reports/USAID_Land_Tenure_Pakistan_Profile_0.pdf
http://usaidlandtenure.net/sites/default/files/country-profiles/full-reports/USAID_Land_Tenure_Pakistan_Profile_0.pdf
http://indr.org/wp-content/uploads/2013/02/World-Bank-Involuntary-Resettlement-Sourcebook.pdf
http://indr.org/wp-content/uploads/2013/02/World-Bank-Involuntary-Resettlement-Sourcebook.pdf
http://indr.org/wp-content/uploads/2013/02/World-Bank-Involuntary-Resettlement-Sourcebook.pdf


Challenge and response in the Mississippi River Basin

William Nieblinga, Jonathan Bakerb, Laila Kasuric, Sarah Katzd

and Kim Smetc
aHarvard Law School, Harvard University, Cambridge, MA 02138, USA

bCorresponding author. Harvard Kennedy School, 124 Mt. Auburn Street, Suite 100, Cambridge, MA 02138, USA

E-mail: jonathanearlybaker@fas.harvard.edu
cHarvard School of Engineering and Applied Sciences, Cambridge, MA 02138, USA

dHarvard Law School, Cambridge, MA 02138, USA

Abstract

This paper discusses the historic and contemporary challenges in the management of the lower Mississippi
River Basin, and describes the evolving role of the federal government in addressing these challenges. In the
early eighteenth century, the federal government was responsible for maintaining a navigable channel. After
repeated calls by states for federal assistance with flood control and a devastating flood in 1927, the federal gov-
ernment additionally became the primary body responsible for protecting the Delta from floods. Although the
resulting flood control system provided greater protection, it also brought new challenges, such as an increasingly
large hypoxic zone in the Gulf of Mexico, land subsidence in southern Louisiana and water quality issues. The
confluence of these environmental concerns and changing national values have once again broadened the scope
of federal responsibility to include environmental management and ecosystem restoration, along with its original
involvement in navigation and flood control. This triad of responsibility carries with it often-competing objectives
that must be balanced within legal and institutional constraints, most notably a deficit of available funding for
inland waterway projects and what appears to be a lack of political will for continued investment in the mainten-
ance of existing and development of new projects.

Keywords: Flood control policy; Floodplain management; Mississippi River; US Army Corps of Engineers;
Water federalism

Introduction: historic challenges shape the present

The story of the Mississippi River is as long, meandering, and changeable as the river itself. From
Huck Finn to Johnny Cash, the ‘Big River’ has played a central role in the American imagination.
No less has been its role in American growth. The Louisiana Purchase, fundamental to westward
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expansion, was at its core an effort to secure the Port of New Orleans and free passage on the Missis-
sippi River (Encyclopedia Britannica, 2012). The West, then, began as merely an ancillary benefit of
this mighty river, which drains more than 40 percent of the continental United States (Milliman &
Meade, 1983).

For the past several hundred years, the basis and purpose of human interaction with the lower Mis-
sissippi River has been remarkably constant. Early years saw a focus on making the waterway navigable.
As settlement arrived, so did a growing desire to constrain the river and try to control its floods. The
massive engineering resulting from those two tasks has dramatically altered the natural environment
of the lower river basin, and in recent decades a growing awareness of these changes has pervaded
human efforts to manage the river.

Opening the river for trade: navigation

Unlike the Colorado River, the Mississippi came under federal management early on, starting with
government efforts to create and maintain a reliable waterway. In its natural state, the river is treacherous
for ship traffic (Robinson, 1992: 259). For nearly two centuries, the United States Army Corps of Engin-
eers has been the federal government agency chiefly responsible for river management issues, later
working closely with the associated Mississippi River Commission (MRC).

As reflected in an early congressional appropriation to the Army Corps, the main problems facing
navigation were the ‘[t]ree snags, sandbars, and uncharted shoals [that] made navigation difficult and
even hazardous for all but the smallest vessels’ (Camillo & Pearcy, 2006: ch. 3). For millennia, the sedi-
ment carried by the river has been continually deposited and re-deposited on the riverbed, resulting in
ever-changing sandbars designed to confound even the most experienced of ship’s pilots. Similarly, the
river has cut a serpentine route through the nearly flat lands it crosses. The force of the water at some of
the river’s bends can be extraordinary, eating away at the banks and causing trees to fall into the river,
creating snags (Camillo & Pearcy, 2006: prologue).

Federal interest in the Mississippi River began after the War of 1812 made clear the importance of a
reliable system of transportation. In 1819, Secretary of War John C. Calhoun recommended that ‘the
U.S. Army Corps of Engineers be directed to improve waterways navigation,’ as such work would
enable greater mobility for the army and aid national economic growth (USACE, 2007: 41). In 1824,
the Supreme Court decided a Hudson River case, Gibbons v. Ogden, which firmly established congres-
sional supremacy in navigation matters pursuant to the Commerce Clause (Gibbons v. Ogden, 1824).
Shortly after this decision, Congress tasked the Army Corps with improving navigation through the
enactment of two laws: the General Survey Act, directing the Army Corps to survey potential avenues
of transportation; and an act appropriating ‘$75,000 to improve navigation on the Ohio and Mississippi
rivers by removing sandbars, snags, and other obstacles’ (Brief History of the Corps, 2012a).

These events formed a key moment in the development of Mississippi River governance, as they set the
precedent for future federal management by the Army Corps. At the time, no other government entity
made sense as a manager of the river. The army had begun to establish a presence along the river after
the 1803 Louisiana Purchase, for the purposes of defense against the European and native populations
(O’Neill, 2006: 36–37). Moreover, at the time ‘… the army had the government’s only body of skilled
builders’ (O’Neill, 2006: 21), and the Army Corps was among the military elite (Barry, 1997: 35) as
only the top graduates from West Point would be allowed entry to the Army Corps. These factors rec-
ommended the Army Corps as the only capable group to address the river’s navigational challenges.
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Since being established in this prominent role, the Army Corps has continued as the primary governmental
entity for all Mississippi River management issues.

The continuing challenges of creating a navigable waterway along the Mississippi eventually led,
however, to the Army Corps sharing some of its management authority with civilians. One of the ear-
liest specific navigation challenges was access to the Mississippi River mouth (Robinson, 1992: 260;
Camillo & Pearcy, 2006: ch. 1). The large amounts of silt carried by the river formed sandbars at
the Gulf of Mexico outlet, blocking ship access for much of the year (Barry, 1997: 61). The Army
Corps proposed to dredge a new canal to bypass the contemporary river mouth (Robinson, 1992:
260). A prominent civilian engineer, James B. Eads, proposed instead to channel the river’s flow at
the mouth using jetties, thereby harnessing the force of the current to cut through sandbars and scour
a deeper channel (Robinson, 1992: 260; Barry, 1997: 62), Congress directed both the Army Corps
and Eads to pursue their respective plans, and Eads’ solution worked (Robinson, 1992: 260; Camillo
& Pearcy, 2006: ch. 1).

The success of this civilian engineering solution to the river-access challenge led to a significant insti-
tutional response: the creation of the civilian and military MRC in 1879. As explained by official MRC
historians Camillo & Pearcy (2006: ch. 3). ‘Eads’ success at the South Pass focused attention on the
navigation problems of the main channel to a greater degree than ever before.’ His status as a civilian
also paved the way for greater civilian input into matters of river management (Camillo, 2012). The cre-
ation of the MRC was also seen as a congressional attempt ‘to heal a growing schism between the
Army’s engineers and the civilian engineering community by combining their talents’ (Camillo,
2012). The new institution was tasked by Congress to address two major challenges: maintaining a
navigable waterway and controlling floods (MRC Act, 1879; Camillo & Pearcy, 2006: ch. 4).
Over the years, the Army Corps, working in concert with the MRC, has significantly improved the

reliability of navigation on the waterway. More than 1,000 miles of concrete revetment have contributed
to more stable riverbanks (Camillo, 2012: 9). Fifteen artificial cutoffs, and one natural one, as well as
‘corrective dredging techniques’ have shortened the river channel by 170 miles (Camillo, 2012: 13).
This shorter river reduced traveling time by as much as 11 hours between Helena and Baton Rouge,
as early as the 1930s (Camillo & Pearcy, 2006: ch. 12). Today, the reliable navigation channel is essen-
tial to the national economy: the Mississippi is a major part of an inland navigation system that carries
more than $70 billion worth of goods and commodities each year (Value To The Nation: Navigation,
2012b), with the Port of New Orleans alone accounting for 2% of all US exports by value (Value and
Weight of US International Merchandise Freight, 2008) and 60% of US grain exports (Mississippi River
Facts, 2012).

Taming the Big River: flood control

The lower Mississippi River valley is a large alluvial valley prone to flooding as river levels change.
The scale of the flood-control challenge on the lower Mississippi can be seen in the devastation of the
infamous 1927 flood that inundated more than 67,000 km2 of the lower Mississippi Basin. Despite years
of local and federal efforts to protect the area, more than 200 people died and more than 600,000 were
displaced (Galloway, 2004). The lands subject to the rise and fall of the river are fertile, but the river
must be managed if people living in the valley are to derive full benefit from it. Given the nature
and scale of the river, flood control is a complex problem that involves protecting land not only
from rising waters, but also from the river’s natural tendency to change paths over time. Today,
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responsibilities for building and maintaining levees remain divided among the Army Corps of Engin-
eers, the MRC, and state-chartered levee boards.

Human efforts to prevent flooding in the valley through the use of levees, primarily carried out by
private landowners seeking to protect their own property, date back to the early eighteenth century
(Barry, 1997: 40; Camillo & Pearcy, 2006: xiv). Residents soon discovered, however, that flood control
along the lower Mississippi does not lend itself to a series of local efforts, but rather requires a compre-
hensive solution. On one side of the river, residents have an incentive to build up their levees to the point
where the other side will flood first. Furthermore, a levee breach downriver can relieve pressure on upri-
ver levees. This knowledge has real consequences: during the 1927 flood, guards shot four men who
were attempting to dynamite a levee (Barry, 1997: 184). Also during the 1927 flood, business interests
successfully lobbied for federal and state approval to crevasse a downriver levee and flood others
parishes to protect New Orleans (Barry, 1997: 349).

In the first half of the nineteenth century, flooding showed the inadequacy of existing levees, and the
state of Mississippi was the first state to allow the imposition of local taxes for the building of levees
(Harrison, 1950). Later floods prompted it to impose general taxes to support construction and mainten-
ance of levees in its Delta region. Other states were less eager to get involved: Louisiana continued to
focus state funds on navigation, rather than study flood control (Pabis, 1998).

After the Civil War, the states on the lower Mississippi deepened their involvement in levee manage-
ment. In 1865, the Mississippi legislature created the first state-chartered levee board (Mississippi Levee
Board, 2012), and in 1884, levee boards were enshrined in the state constitution (Yazoo-Mississippi
Delta Levee District, 2012). These charters dictate how levee boards operate, including the methods
of taxation, powers for expropriating private property, and the duties of commissioners (Mississippi
Constitution, 1890). Other states along the river created levee boards throughout the nineteenth and
early twentieth centuries. These local government bodies are discussed in more detail below.

Around the time of the 1849 and 1850 Federal Swamp Land Acts, which gave wetlands to the states
to sell in order to pay for levees and draining of swamps, Congress also funded a survey to support flood
and navigation planning. Two surveys were conducted: one survey, led by civilian Charles Ellet Jr,
suggested federal involvement in a system of both levees and space to accommodate the river (Camillo
& Pearcy, 2006: 18); the second was led by Army Corps Captain Andrew Humphreys, who called for a
system consisting primarily of levees, plus natural outlets to handle overflow (Camillo & Pearcy, 2006:
19–20), but much of the river-control infrastructure in the region was destroyed during the Civil War
(Camillo & Pearcy, 2006).

The creation of theMRC in 1879 signaled amajor institutional change. TheMRC (its powers are described
below) quickly adopted a ‘levees only’ policy. This policy is now understood to exacerbate the consequences
when floods do occur, raisingwater levels by denying the river room to expand during highwater. At the time,
though, the decisionwas based on contemporary theories of river control: a faster-flowing riverwas thought to
scour a deeper river bed and thereby lower water levels (Camillo & Pearcy, 2006: 42).
The 1882 Rivers and Harbors Act authorized the MRC to create levee standards and aid levee dis-

tricts, although the commission continued to use most of its appropriated funds for navigation
(Harrison, 1950). After eight years of competing instructions and insufficient funding (a reminder
that these challenges are not unique to the present political moment), Congress passed the 1890
Rivers and Harbors Act, delivering increased funding and greater freedom for the MRC (Camillo &
Pearcy, 2006: 83, 87). Federal involvement in flood control first became explicit, however, with the
establishment of the House Flood Control Committee in 1916 and the subsequent enactment of the
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Ransdell–Humphreys Flood Control Act in 1917, which provided federal funds for flood-control efforts.
The Act also required that all rights of way be given to the United States free of charge and that levee
maintenance be handled by local levee districts (1917 Flood Control (Ransdell–Humphreys) Act, Ch.
144, 39 Stat. 948).

The flood of 1927 caused so much damage that then Secretary of Commerce Herbert Hoover labeled it
‘the greatest peace-time calamity in the history of the country’ (Speers, 1927: xxi). Congress responded
with the landmark Flood Control Act of 1928, building on the flood-control mandates from the 1917
Act and, crucially, authorizing the Mississippi River and Tributaries Project (MR&T) to provide flood
control for the lowerMississippi River. The 1928Act was a major turning point in flood-risk management,
with its rejection of the ‘levees only’ policy for a multifaceted ‘room for the river’ approach, which recog-
nizes that at times there must be space for the river to spread out both between the levees and beyond them.

The Flood Control Act of 1928 treated the Mississippi River as an important national resource deser-
ving of special treatment. The act found that ‘the extent of national concern in the control of these floods
in the interests of national prosperity, the flow of interstate commerce, and the movement of the United
States mails’ justified federal involvement (Flood Control Act of 1928), and the nearly $300 million
Congress judged local interests had already spent on flood control absolved them from any obligation
to contribute to construction of the MR&T system (Flood Control Act of 1928). Instead, the act requires
states or their levee districts to provide satisfactory assurances that they will maintain and conduct minor
repairs on completed flood-control works, other than spillway structures, and that they will provide the
federal government with rights of way for levees at no cost if on the main stem of the Mississippi (Flood
Control Act of 1928).

After much research and debate, the MRC proposed a plan involving not only levees, but also flood-
ways, channel improvements, bank stabilization, and tributary basin improvements (Camillo & Pearcy,
2006: 151; USACE, 2004). The plan was based on a ‘project design flood’ rather than on previous high-
water marks or a 100-year flood level. This project design flood is the predicted flow that would occur
from a combination of high rainfall events in the main river and its tributaries, a sort of perfect storm
(Mississippi River Commission, 2007).

Creating floodways and backwaters required finding space to put water when the river is in flood.
Landowners who would be subject to intentional inundation under the MR&T were convinced by com-
pensation or coerced: the government obtained flowage easements in the Birds Point-New Madrid
(Missouri) and Morganza (Louisiana) floodways (Davis, 2011). Other areas were protected by ‘over-
topping’ levees, designed to contain lesser floods but spill water if levels rise above a certain height.
The success of the MR&T system can be seen in the handling of the 2011 flood on the lower Mis-

sissippi, which involved a larger volume of water than in 1927. Nevertheless, the extent of the damage
was much smaller (Mississippi River Commission, 2011: 21): only about 25,000 square kilometers
(km2) of land were flooded (Mississippi River Commission, 2011: 20). most of it either designed for
that purpose (such as floodways and backwaters) or otherwise not protected by the MR&T system
(Camillo, 2012: 19).

Protecting the basin: environment

Science has long understood the environmental challenges posed by the Mississippi River, including
how human flood-control efforts could degrade the Louisiana coast. Yet only recently have those chal-
lenges been treated as a priority on par with economic development. An 1897 edition of National
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Geographic noted the consequences that flood-control levees would have for the coastal area, but con-
cluded that the ‘great benefit to the following two and three generations’ would outweigh the predicted
‘disadvantages to future generations’ (National Geographic, 1897). That was not an era when conserva-
tion or sustainability had imprinted themselves on the national consciousness. There were few federal or
state environmental regulations, and federal management of the river was focused on the central priority
of improving its navigability for the purpose of economic development (Reuss, 1982).

In 1928, at the time of the MR&T’s creation, decision-makers discussed the trade-offs of the project,
and the federal government recognized that proceeding would result in a multitude of impacts on the
natural environment (Reuss, 1982). It was again judged that the economic benefit of a controlled and
flood-free Mississippi River would outweigh any associated costs, including environmental impacts.

Recent decades have seen a new national awareness and concern about the effects of human actions
on the environment and the natural world. Congress passed a host of federal statutes in a short time,
from the Clean Air Act and the Clean Water Act to the Toxic Substances Control Act and the Endan-
gered Species Act. Perhaps most significantly for management of the Mississippi, the National
Environmental Policy Act (NEPA) became law in 1970. NEPA requires each federal agency to prepare
an environmental impact statement (EIS) for any proposed major action with significant environmental
impacts. This law has laid the legislative and administrative foundation for evaluating environmental
impacts associated with river and coastal zone projects. Because of environmental impact statements
and changing regulatory requirements, many of the ongoing construction and maintenance works in
the MR&T project developed differently or not at all. The effect of the EIS requirement is described
in detail below.

The facts of the river: natural features, infrastructure, and institutions

Physical features of basin

Geography and demographics. As shown in Figure 1, the Mississippi River Basin is the largest drai-
nage basin in North America, draining all or part of 31 states, equal to 41 percent of the continental
United States (Milliman & Meade, 1983). With an area of 3,000,000 km2, it is the third largest river
basin in the world, exceeded only by the Amazon and Congo basins (U.S. Geological Survey, 1990).
It originates from Lake Itasca in Minnesota, meanders approximately 3,800 kilometers (km) south
(U.S. Geological Survey, 1990), and merges with dozens of tributaries, including the Missouri, Arkan-
sas, Ohio, and Red Rivers, before emptying into the Gulf of Mexico. Considering the Missouri and the
Mississippi as one continuous water body, the river is nearly 6,000 kilometers long, making it the
fourth-longest river system in the world (National Park Service, 2012).

Due to the expansive nature of the Mississippi River, the investigation presented in this report focuses
primarily on the lower Mississippi, considered as that portion south of the confluence with the Ohio
River (see Figure 1). Although the downstream portion of a river cannot be considered in isolation
from upstream, our discussion of upstream physical features is limited only to those that have a
direct bearing on downstream effects.

As an alluvial river, the Mississippi has been responsible for shaping its own environment: through
erosion and deposition of sediment, it has formed a vast and fertile floodplain. Although historically
much of the floodplain, especially that surrounding the lower Mississippi, was wetlands, draining the

W. Niebling et al. / Water Policy 16 (2014) 87–11692



swamps has made this land some of the flattest and most productive farming regions in North America.
Around 60 percent of the basin is used for agricultural purposes (Goolsby, 2000), especially for growing
corn, soybeans, and wheat.

Approximately 71 million inhabitants live in the Mississippi Basin, with 58 percent living in cities
with a population of 500,000 or more (U.S. Census Bureau, 2007). The average population density
across the entire basin is relatively low, with only six people per km2 (U.S. Census Bureau, 2007).

Hydrology. As the Mississippi Basin encompasses a number of different climatic zones, the timing
and amount of precipitation entering the river varies greatly. Figure 2 shows the relative average-dis-
charge contributions of the different tributaries. The average annual precipitation in the basin ranges
from approximately 130 millimeters (mm) in the drier northern and western reaches of the basin to
1,800 mm in the wetter southern and eastern portions (Western Regional Climate Center, undated).
On average, the Mississippi discharges 16,800 cubic meters (m3) per second of water into the Gulf
of Mexico (U.S. Geological Survey, 1990). The combination of winter rains, spring snowmelt, and
summer rains originating from different areas of the basin result in the Mississippi River experiencing

Fig. 1. The Mississippi River Basin, states, and major tributaries (courtesy of the Mississippi River Commission).
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peak flows between March and May and low flows between August and October. Peak flows have been
documented as high as 66,400 m3 per second, when the river is in flood, and low flows as low as
2,400 m3 per second (America’s Wetland, undated). This high variability in discharge is mirrored in
the associated river stages: high and low water stages at Cairo, Illinois, for instance can vary by up
to 15 m (United States Army Corps of Engineers, Mississippi Valley Division, undated). This signifi-
cant variability combined with flat terrain makes flooding an extreme concern within the basin.

In addition to the large amounts of water transported by the Mississippi, the river carries an immense
sediment load. As shown in Figure 3, the river has seen a decrease in recent centuries in the amount of
sediment it transports, from approximately 400 million tons per year to only 145 million tons per year.
This decrease has been largely attributed to the trapping of sediment behind dams constructed on the
Missouri River in the 1950’s, with other engineering alterations on the river contributing to a lesser
extent (Meade & Moody, 2010).

Infrastructure: engineering the river. The lower Mississippi River is a very heavily engineered stretch
of waterway, with many significant structures in operation that focus broadly on aiding navigation and
reducing the risk of floods.

Navigation infrastructure. The lower Mississippi River naturally meanders and changes course. It has
an extremely low gradient, and bank erosion and sediment deposition mean that the river channel is

Fig. 2. The Mississippi River Basin showing relative discharge from major tributaries (Meade, 1995).
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dynamic and constantly being reconfigured. These natural processes make the establishment of a perma-
nent navigation channel of specified width and depth very difficult. To this end, channel straightening
using meander cutoffs and bank stabilization using a variety of revetment materials have been widely
implemented in order to maintain a permanent navigable channel (Camillo & Pearcy, 2006: 4). This chan-
nelization has the added benefit of making permanent settlement near the river possible.

While the upper Mississippi River has a series of locks and dams to aid commercial navigation on
steep sections of the river (U.S. Army Corps of Engineers, undated), the lower Mississippi has a
gentle enough gradient that no locks or dams are necessary, and hence it is entirely free flowing.
The channel is maintained by levees and dredging. The Old River Control Structures complex contains
the only lock on the lower Mississippi, linking it to its adjacent distributary, the Atchafalaya River (U.S.
Army Corps of Engineers, 2004).

Flood-control infrastructure. The fury of the Mississippi River in flood has been documented as far
back as 1543 (Barry, 1997: 12). The first infrastructural defenses against flooding in the Mississippi
basin came in the form of man-made levees, with the first known levee built in 1717 by the man
who would later found the city of New Orleans (Kemp, 2000). Today, the Mississippi levee system
is among the world’s longest, with the levees along the lower Mississippi totaling more than
2,500 km along the main river and an additional 960 km along tributaries and distributaries of the
Mississippi (U.S. Army Corps of Engineers, 2004).

In addition to this extensive levee network, flood infrastructure on the lower Mississippi also includes
floodways and backwaters. There are four of each, as shown in Figure 4 and described in Tables 1 and 2.

Fig. 3. The Mississippi River Basin showing changes in sediment discharge (Meade, 1995).
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Institutions: federalism features and governance design of basin

The story of management of the Mississippi River has been one of increasing federal primacy. Although
regional, state, and local governmental bodies retain authority and responsibility for water basin management
in various ways, the federal government rules supreme.Within the federal government, the ArmyCorps plays
the most prominent administrative and operational role, and Congress holds ultimate power. No brief discus-
sion can fully elucidate themajormanaging institutions for the lowerMississippi River or the authorities given
to various entities. Nevertheless, this paper attempts to describe succinctly the interactions among Congress,
the Army Corps, the MRC, state government bodies such as levee boards, and private interests.

One challenge in understanding the governance regime is distinguishing among federal, regional,
state, and local bodies. Two prominent examples – the MRC and local levee boards – merit noting
here, although their functions will be described in further detail below. We treat the MRC as a federal
entity, although it possesses only regional powers. The MRC was established by an Act of Congress
(MRC Act, 1879) and in its operations and conduct behaves as a federal entity. Local levee boards,
which cover districts representing portions of states, generally remain state-chartered entities. Yet we
treat them as local government institutions, because they tend to derive their political legitimacy
from, and represent the interests of, the area bounded by their districts.

Fig. 4. The lower Mississippi River showing location of major structures (courtesy of the Mississippi River Commission).
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Table 1. Detail of floodways on the Mississippi River.

Floodways: permanent or temporary structures designed to safely divert a portion of extreme river flows to lessen the stress on critical sections of the levee
system downstream
Name Description Function Purpose

1. Bird’s Point–New Madrid
Floodway

Earthen fuse plug leveea,
designed to be crevassed
during flood stages

Diverts up to 15,600 cubic meters (m3) per
second of floodwater from the
Mississippi into an area of land behind
the mainline levee, which is in turn
largely surrounded by a lower set-back
levee (U.S. Army Corps of Engineers,
1958)

Reduces flood risk in Illinois,
Missouri, Arkansas and
Kentucky

2. Old River Control
Structure complex

Several permanent structures
(including navigation
channel and lock as well
as a hydroelectric power
station)

During average flows, structures prevent
the Mississippi from diverting
permanently down the Atchafalaya
channel; during extreme flows,
structures divert up to 17,600 m3 s�1 of
floodwater from the Mississippi into the
Atchafalaya River (U.S. Army Corps of
Engineers, 1958)

Prevents permanent migration of
river channel but allows
diversion during floods

3. Morganza Floodway Permanent structure Diverts up to 17,000 m3 s�1 of floodwater
from the Mississippi into the
Atchafalaya River and Swamp (U.S.
Army Corps of Engineers, 1958)

Reduces downriver flood risk on
the river’s main stem from
Baton Rouge, LA.

4. Bonnet Carre Spillway Permanent structure Diverts up to 7,000 m3 s�1 of floodwater
from the Mississippi into Lake
Pontchartrain (U.S. Army Corps of
Engineers, 1958)

Reduces New Orleans’ flood
risk

aA fuse plug levee is a levee designed to be rapidly eroded and crevassed when overtopped by floodwater. It can also be artificially crevassed if necessary,
including by explosion.
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Congressional supremacy. Navigation has long been within the competence of Congress. A landmark
1824 Supreme Court case, Gibbons v. Ogden, established that the Commerce Clause both confers a con-
gressional power to regulate navigation and also precludes state laws that impose undue burdens on
interstate commerce (Gibbons v. Ogden, 1824). It was also in 1824 that the Army Corps was first
given responsibility for navigation on the Mississippi River, as described above.

Federal flood-control efforts have long been justified as a proper exercise of congressional Commerce
Clause authority, as well. When Congress established the MRC in 1879, it tasked the new commission
with two responsibilities: supplying flood control and maintaining a navigable waterway (MRC Act,
1879). In the MRC’s early years, however, navigation was the paramount interest. Levee boards,
local institutions that had grown up among private citizens or as creations of state government, were
formally subsumed by Congress in the landmark Flood Control Act of 1928. Similarly, environmental
responsibility for the lower Mississippi, as with government environmental authorities generally, resides
in a variety of different statutorily created federal agencies, such as the federal Environmental Protection
Agency (EPA) and Fish and Wildlife Service, as well as in their state-level counterparts.

The ultimate director of federal action, of course, is Congress. Its power to legislate to ‘regulate Com-
merce’ (U.S. Const. Art. I § 8 cl. 3) allows it to dictate federal action regarding navigation, flood control,
and environmental protection. The preemptive power afforded by the Supremacy Clause (U.S. Const.
Art. VI cl. 2) means that those enactments control contrary state or local governmental action. Histori-
cally, Congress has exercised its power in the two-step authorization and appropriation process of a
Water Resources Development Act (WRDA) and an Energy and Water appropriations bill.

In recent years, contentious politics have derailed this process, however, if it ever really worked effec-
tively. As described below, WRDA and appropriations bills have been slow or nonexistent. Congress
has passed just one WRDA bill in the past decade, in 2007 (Congressional Research Service, 2010),
and has not enacted an Energy and Water appropriations bill before the fiscal year begins since the Clin-
ton administration (P.L. 106-60, enacted Sep. 29, 1999). To confound an already dysfunctional process,
the recent earmark moratorium, also described below, has thrown into question how and to what extent
any projects in the Mississippi River Basin will be funded.

Table 2. Details of the backwater areas on the Mississippi River.

Backwater areas: areas designed to allow water to back up during floods, providing more storage of extreme high waters.
Backwater areas are partly the result of required gaps in the main-stem levee system to allow large tributaries to enter the
Mississippi.

Name
Area [acres] (U.S. Army
Corps of Engineers, 1958) Purpose

A. St. Francis
Backwater

500,000 All of these backwaters function in the same way: during flood
events, water from the Mississippi backs into these gaps in the
levees, reducing flood stages downstream. Although significant
portions of the upper regions of these backwater areas have
infrastructural methods in place to prevent widespread flooding,
the lower portions of these areas serve as natural storage when
needed during floods. The backwater areas are operated by natural
overtopping of the lower protection levees at the appropriate flood
stages. When the flood on the main Mississippi River has
subsided, water stored in the backwater areas is returned to the
river through floodgates and pumps.

B. White River
Backwater

145,000

C. Yazoo River
Backwater

634,000

D. Red River
Backwater

373,000
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Military administration. Congress principally exerts its power over the lower Mississippi via the
MR&T project. As noted above, the MR&T was created by the Flood Control Act of 1928, which
has subsequently been expanded and modified numerous times. This federal program, comprising navi-
gation, flood control, and, since 1996, ecosystem restoration, all executed by the Army Corps (including
construction, environmental review, and operation of project features), is constituted by specific pro-
jects, including levees, spillways, channel improvements, and more.

Overseeing the MR&T is the MRC. As described above, Congress created the MRC in 1879 with the
twin responsibilities of navigation and flood control. Its seven members are appointed by the president
and were confirmed by the Senate until 2012 when the law changed. Currently, they include three mem-
bers from the Army Corps, one from the National Oceanic and Atmospheric Administration, and three
civilians, with the requirement that two are civil engineers.

The MRC functions mainly as an oversight and recommending body. After conducting public meet-
ings, it submits to the Chief Engineer of the Army Corps a list of the projects it recommends for
inclusion in the annual federal budget. This list wends its way through, inter alia, the Chief Engineer,
the Assistant Secretary of the Army (Civil Works), the Secretary of Defense, and the White House
Office and Management and Budget before the president includes recommended projects in the admin-
istration’s budget for each fiscal year. This budget, in turn, plays a substantial but nonbinding role in
congressional budget-setting and appropriating.

As a result of its partial civilian nature, its public procedures, and its budget authority, the MRC often
functions as the main interlocutor between the federal government and the people affected by federal
action on the Mississippi. At the same time, because government officials make up a majority of the
MRC and because the Army Corps supplies most of the staff and expertise to inform the MRC,
some observers have noted that it does not exercise much formal authority independent from the
Army Corps. Regardless, this combination of a federal commission for oversight and recommendation
and a federal agency for execution is unique among US rivers.

Other governmental organizations. Various entities below the level of the federal government also
play a vital role. Most notable are the levee boards. These grew out of, variously, local private initiatives
and state government charters, but all now appear to be legally organs of state government. That said,
levee boards represent levee districts that are some subset of each state. In most basin states, the boards
are elected by the residents of their district, although the governor of Louisiana appoints members of
Louisiana boards. Several are self-sufficient in funding, from a millage property tax (an ad valorem
levy, usually expressed as a percentage or as an amount of tax per thousand dollars of property
value, as used in the St. Francis Levee District) or from revenue of lands they own (as used by the
Yazoo-Mississippi Delta Levee Board).

Levee boards bear responsibility for routine maintenance, such as keeping vegetation off levees, and
members and staff play a critical role while fighting floods by riding levees looking for weak points or
sand boils. New construction and major maintenance are executed by the Army Corps via the MR&T,
with the federal government bearing the full cost. Levee boards advocate for their projects with the
Army Corps and also directly with Congress. Board members report historical success at persuading
their senators and representatives to ensure that local interests are represented in authorization and
appropriations bills. These bills in turn dictate the actions the Army Corps takes, which actions
govern the roles and responsibilities of the levee boards.
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The interplay of environmental authority is equally complex, but bears less consistent relation to the
management of the Mississippi River. The federal Fish and Wildlife Service has various statutory
responsibilities under the Endangered Species Act (16 U.S.C. § 1531 et seq.). The EPA has ultimate
authority for the Clean Water Act (33 U.S.C. § 1251 et seq.), but delegates much of that authority to
states within statutory guidelines. The U.S. Department of Agriculture manages many programs
aimed at controlling farm runoff, a significant factor in hypoxia, as discussed below. Similarly, state
environmental agencies have varied and overlapping authority that does not lend itself to easy reduction.

Contemporary challenges and their responses

There are three central contemporary policy challenges to the successful management of the lower
Mississippi River: navigation, flood control, and the environment. The first two, navigation and
flood control, have predominated for centuries, as private citizens, state and local governmental
bodies, and the federal government have sought both to ensure the river’s navigability and also to
guard against its dangerous floodwaters. By contrast, the third challenge – protecting the river’s natural
environment, and the Gulf of Mexico into which it discharges – is of more recent vintage. In recent
decades social values have changed, the significant costs of ongoing environmental harm have come
to be more fully understood, and efforts have begun to address that harm and reduce future threats.
Inadequate funding and inefficient processes for planning and decision-making, however, have greatly
hobbled the effectiveness of governmental efforts to address all three challenges.

Gridlock: planning and procedural hurdles

The speed and efficiency of federal government action have declined dramatically in recent decades,
threatening the ability of the Army Corps to execute its priorities. During that time, the number of pro-
cedures, forms, assessments, permits, and public consultations that must be undertaken prior to
implementing any kind of engineering work has increased drastically. This process can be roughly
broken down into three main phases, as shown below in Figure 5. It is important to note that these
stages are not unidirectional, in that each process often needs to be completed multiple times during
one single project, and it is possible to cycle indefinitely between stages, or become stalled at any par-
ticular stage. It should be clear from this basic overview that the process is long, arduous, and
complicated.

Although each of the elements of this process performs a role in promoting transparent and effective
governance, the combination of the parts appears to have resulted in a dysfunctional procedure that does
not achieve its ends efficiently, quickly, or cost-effectively. Instead, the current gridlock achieves none
of the goals of the interested parties. Given such a complex, iterative, and participatory set of pro-
cedures, crafting a response poses governance challenges broader even than the Mississippi River. A
successful response would likely entail reconsideration of how the federal government authorizes and
executes spending and of the extent to and manner in which environmental impacts should be con-
sidered prior to action, well beyond the ambition of this paper but fundamental to the future of the river.

Authorization: starting the process. Authorizing legislation establishes a recognized program of work
for a fixed or indefinite period of time, such as in the MR&T program. It often sets forth the duties and
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functions of the program, its organizational structure, its funding limits, and the responsibilities of pro-
gram officials. It does not provide authority for funds to be expended or for a contract to be made.

At present, proposed projects on the Mississippi River are typically approved under a WRDA (as
noted above), historically a biennial piece of legislation that is the main method by which water resource
projects (including environmental, structural, navigational, and flood protection improvements) are auth-
orized. Before Congress passed the first WRDA in 1974, it authorized flood-risk reduction projects in
Flood Control Acts and navigation projects in Rivers and Harbors Acts. After a second WRDA in 1976,

Fig. 5. Flowchart showing the major steps involved in a typical Corps construction project.
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Congress failed to authorize any new projects for 10 years because of a political stalemate among the
House, the Senate, and the White House regarding cost-sharing, user fees, and environmental mitigation
policies for Army Corps-managed programs.

In 1986, Congress at last passed an unusually lengthy and substantive WRDA containing more than
300 new projects as well as a new requirement that all local agencies were responsible for contributing a
portion of all project costs. The MR&T was exempt from this cost-sharing requirement, however. After
WRDA 1986, Congress resumed biennial authorizations to avoid long delays between planning and
execution of projects, and so that Congress could review proposed projects on a regular basis. Sub-
sequently, between 1986 and 2000, Congress passed WRDAs fairly routinely every one to four
years. Since 2000, however, Congress has enacted only one WRDA, in 2007, and only upon overriding
a presidential veto (Congressional Research Service, 2010). Although the House Committee on Trans-
portation and Infrastructure approved a version of a 2010 WRDA [H.R. 5892, 111th Cong. (2nd Sess.
2010)], and although the Senate Environment and Public Works Committee held hearings on develop-
ing its own version (Association of California Water Agencies, 2010), to date neither house of Congress
has approved such legislation.

Opportunities to initiate any new water-resource projects are tied to the passing of a new WRDA bill,
but in the last decade these opportunities have been few and far between. Many observers and policy-
makers attribute the infrequency of WRDA bills to rising partisanship in Congress and to the
politicization of new spending measures (see, for example, ‘Oberstar: Republicans Thwarting Important
Water Bill,’ Roll Call, October 27, 2010, available at http://www.rollcall.com/news/-51021-1.html).
Their outlook for new WRDA bills is accordingly grim.

Appropriations: funding the projects. An appropriations act authorizes federal agencies to expend
funds, almost always on previously authorized programs. Appropriations legislation is required
before a department or agency is able to obligate funding or sign a contract. Projects included in
past authorization bills are not guaranteed to receive appropriations.

Federal funding for most construction projects conducted by the Army Corps is typically provided
through the Energy and Water Development Appropriations Act. A national political dynamic exerting
downward pressure on all federal spending has limited funding available for water infrastructure pro-
jects, however. At the same time, and in spite of the lack of WRDA enactments in recent years, the
number of authorized projects significantly exceeds what funding is available in any given year.
These two factors mean that competition for funding is fierce and many authorized activities do not
receive appropriations in a timely fashion, if ever. For instance, including WRDA 2007 projects, the
Army Corps now has an estimated ‘backlog’ of more than 1,000 authorized studies and construction
projects, with authorized but not yet appropriated funding estimated to exceed $80 billion (Congres-
sional Research Service, 2010).

Nor do recent events suggest a reversal of this ongoing and increasing funding shortfall. Indeed, just
the opposite seems more likely. As a practical matter, most Army Corps project funding in recent years
has been from appropriations earmarks, which direct funding to specific recipients or locations. In light
of the Republican Party’s current policy favoring a moratorium on congressional earmarks, which has
been effective since 2009 and appears likely to remain so at least through the next election (Congres-
sional Research Service, 2011), this source of funding has dried up. Instead, Army Corps project
funding is provided without explicit congressional guidance as to the specific projects on which it
should be spent.
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Fieldwork and execution. Broadly described as fieldwork and execution, this stage of the project
entails a variety of steps including the completion of an initial reconnaissance study and a subsequent,
more detailed, feasibility study, the preparation of all required documents and reports (including an EIS),
hosting public consultation meetings, hiring of contractors, and eventual execution of the project.

To add to authorization and appropriation woes, one of the greatest sources of friction affecting the
speedy execution of construction projects on the Mississippi River arises indirectly from environmental-
protection regulations. As described above (see page 5), because of NEPA (P.L. 91-190, Jan. 1, 1970.
Codified at 42 U.S.C. §4321 et seq.), all federal agencies must prepare an EIS to accompany their pro-
posals for major federal actions that will have a significant impact on the environment.

NEPA does not itself impose substantive environmental obligations on federal agencies. Instead, its
procedural requirements serve two major purposes. First, they are intended to lead to more informed
decisions by ensuring that decision-makers are aware of the environmental consequences of their
actions, and of possible alternative actions, prior to making a final decision. Second, the required
EIS also serves to disclose to the public the environmental impacts of proposed government activity
before a final decision, thereby promoting public participation in the decision-making process and
ensuring public accountability for decisions made.

NEPA’s procedural requirements can sometimes seem cumbersome to agency personnel and propo-
nents of the action being reviewed. Although more knowledge and greater transparency promote better
decision-making, they also invariably add procedural complexity and delay those decisions. For envir-
onmentalists, the necessary resources and time are worthwhile to incorporate environmental
considerations. Those advocating government action, however, tend to be far more skeptical of the
law’s efficacy. To them, NEPA’s procedural requirements make it susceptible to a seemingly never-
ending series of environmental impact assessments, as each new shift in agency plans (sometimes
caused by the most recent round of assessments) prompts environmentalists to demand a new
‘supplemental’ EIS that further delays final agency action. Each such delay, moreover, exacerbates
the already protracted authorization and appropriations process that is ultimately necessary for the
agency to act.

Deteriorating navigation: fighting the river. The necessity of maintaining a navigable waterway has
remained largely unchanged to the present day. The technical impediments to the reliability of the water-
way, however, are markedly different from those the Army Corps first encountered two centuries ago.
Instead of snags, logjams, and uncharted sandbars, today’s engineers face the equally daunting chal-
lenges of preventing the river from bypassing New Orleans, prioritizing competing objectives, and a
lack of funds for dredging or for maintaining aging infrastructure, all in the context of the dysfunctional
political process described above.

Historical responses create present challenges. In 1831, steamboat captain Henry Shreve completed
Shreve’s Cutoff, making navigation much easier by separating the Mississippi River from the Red and
Atchafalaya Rivers (O’Neill, 2006: 41; USACE/NOLA, 2009a). Working for the State of Louisiana, he
removed a massive logjam that blocked access to the Atchafalaya several years later (USACE/NOLA,
2009a: 5). Ironically, however, these moves accelerated the river’s natural tendency to spill into the
Atchafalaya, which offers a shorter and steeper route to the Gulf of Mexico. By the middle of the twen-
tieth century, the Mississippi River was migrating to the Atchafalaya River on an increasingly rapid
timescale, decades rather than centuries (USACE/NOLA, 2009a: 6). Fearing the economic
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consequences, the Army Corps responded by constructing the several-thousand-feet-long Old River
Control structures, which are designed to maintain the river in its current channel indefinitely
(USACE/NOLA, 2009a: 6). These structures have, at least for now, preserved the existing navigation
infrastructure and the major ports of Baton Rouge, New Orleans, and their vicinities. As described
below, they also control the future of land-building in coastal Louisiana, a hot topic today.

The Mississippi River-Gulf Outlet (MRGO) is another example of a historical response leading to a
modern challenge. A shorter route from New Orleans to the Gulf was first considered in 1852 and pro-
posed as a response to the problem of the blocked river mouth in the 1870s (USACE/NOLA, 2009b). In
the 1940s, motivated by the economic benefits of a shorter route to the Gulf and of development along a
new channel, New Orleans leaders asked Congress to order construction of what became MRGO
(USACE/NOLA, 2009b). Dredging of the channel began in 1958 and was completed 10 years later
(USACE/NOLA, 2009b). But navigation channels such as MRGO, as well as channels used for the
oil and gas industry, have contributed to salt-water intrusion and the deterioration of storm-surge dissi-
pating marshland (Day et al., 2007). Such deterioration worsened the effects of Hurricane Katrina by
providing an open pathway for the storm surge that helped flood New Orleans (Day et al., 2007).
Although MRGO was closed in 2009 (USACE/NOLA, 2009c), it illustrates, like Shreve’s Cutoff,
how the historical response to a past challenge often creates a new challenge that modern river managers
must face.

Investing in infrastructure. The most significant contemporary navigation concern relates to the main-
tenance of navigation infrastructure. Inadequate funding is reported to be a persistent problem. For
example, according to a representative of a major port, his office will receive funds for only six days
of dredging, when several weeks of dredging are needed to ensure the port’s long-term viability (per-
sonal communication, January 2012). Such geographically specific deficiencies also seem to be adding
up on a larger scale. The American Society of Civil Engineers recently gave national inland-waterways
infrastructure a grade of D–, reflecting the increasingly aging and unreliable nature of much of the pre-
sent system (ASCE, 2009: 83, 88.).

Notwithstanding these problems, using an example from the ethanol industry, transporting commod-
ities via inland waterways, at roughly a penny per ton per mile, remains significantly cheaper than doing
so either by rail at 2.5 cents per ton per mile, or by truck, which is roughly 5 cents per ton per mile
(NEED, 2013; p 32). There are also secondary benefits, both political and environmental (USACE,
2009). A 15-barge tow carries the same cargo as 1,050 trucks (USACE, 2009). Transporting such
material over the highways would significantly increase road congestion, highway maintenance costs,
and fuel consumption. Increasing fuel consumption, in turn, exacerbates US dependence on foreign
oil, a national security concern, as well as increasing greenhouse-gas emissions. Maintaining and
improving the navigation infrastructure can thus have significant direct and indirect economic and
environmental benefits. Lost benefits from not modernizing inland waterways are, by one account,
more than $7 billion (USACE, 2009).

Lack of political will is a major cause of current problems. With the exception of the relatively few
people whose livelihoods directly depend on it, much of the public is unaware of the importance of the
Mississippi River to US national prosperity. The dominant political dynamic emphasizes short-term
demands over long-term needs and, as applied to the Mississippi River, has led to repeated postpone-
ments of overdue infrastructure investment without full appreciation for the magnitude of the costs of
such delays: what is at one point possible with relatively modest expenditures can all too quickly
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become cost-prohibitive after delays. Exacerbating the lack of timely infrastructure investment is a
decline in the expertise needed to maintain and operate that infrastructure. According to the American
Society of Civil Engineers, there is no training offered in navigation-specific engineering, raising the
specter of a lack of appropriate engineering expertise when those failures occur (ASCE, 2009; 84–85).

The ongoing widening of the Panama Canal, however, presents both an infrastructure challenge and
an economic opportunity for Mississippi navigation. Recently, Congress charged the Army Corps’s
Institute for Water Resources with developing ‘a strategy for meeting the nation’s critical needs for
port and inland waterway modernization’ (USACE/IWR). This study is intended to ‘explore the impacts
of the Panama Canal expansion on each facet of the navigation industry’ (USACE/IWR). One note-
worthy aspect of this commissioned study is that it will solicit input from environmental
stakeholders, reflecting the widening of the scope of policy objectives for which the Army Corps is
responsible (USACE/IWR). The study also reflects an awareness of the need to update the navigation
system, suggesting a possible shift towards greater and more timely investment.

Flood control: failures and conflict. Today, floods are the visibly dramatic events that make Ameri-
cans aware of the sheer power and magnitude of the Mississippi River. Currently, more than 4.5 million
people are protected from these floods by the MR&T system (MRC, 2007: 2). Although these efforts
have been more successful in recent years, their success inevitably creates hazards: the absence of dis-
aster all too quickly breeds complacency in spite of ongoing risk.

An incomplete system and decaying infrastructure. Although Congress first authorized the MR&T
program in the 1928 Flood Control Act, revisions and expansions over time mean that it remains
only about 85 percent complete (United States Army Corps of Engineers, New Orleans District,
undated). The challenges to completion are many, from fragmented regulatory authority and decaying
infrastructure to diminishing funding and intricate review processes. For example, although the 2011
flood passed more water than the 1927 flood (MRC, 2011; 21), it also strained the system and exposed
weak spots that need to be repaired. (Congress has, however, appropriated $802 million to the Army
Corps to repair the estimated $1 billion in damage to the levee system from the 2011 flood; USACE,
2011a, b.) Since the passage of the 1928 Act, the process for building new infrastructure or for updating
what already exists has become slower and less efficient. At the same time, funding for infrastructure is
harder to come by. This collision of old values with new heralds a coming rebalancing of federal, state,
and local interests.

At the same time, the MR&T may be a victim of its own success: public understanding of the value of
these projects may be on the wane as damaging floods are less frequent. A lack of public awareness about
the risks of the river threatens to undermine the political momentum needed to help projects negotiate these
new procedural thickets. Some involved in river management suggest that the lack of large-scale flooding
damage in recent decades has bred complacency that is itself the largest challenge facing the basin today.
With concerns about environmental consequences and about the public fiscal situation on the rise, and fears
of flooding on the wane, the political will to execute new projects will be hard to come by.

There are, however, some efforts to remind residents of what the river could do to them. Residents of
floodways are at obvious risk, and they are regularly reminded that their property is subject to a flowage
easement (USACE/NOLA, 2012). (Although the Army Corps maintains that it notifies all landowners,
other interlocutors say that it does not and we have not established definitively whether all landowners
subject to easements are regularly reminded.) Similarly, some who live behind levees are subject to
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levee taxes or required to carry federal flood insurance. For example, the federal flood insurance pro-
gram requires all property in participating communities in high-risk areas – defined as a 100-year
flood level – to carry insurance (NFIP, 2013). (Those living outside those areas are not required to
carry insurance, however, even though premiums are substantially lower; NFIP, 2013.) Such payments
create at least constructive awareness of the threat of floods and the role that existing infrastructure plays
in protecting property.

Also significant for the future of flood-control efforts on the Mississippi is the policy of the momen-
tous WRDA of 1986 (WRDA, 1986) which imposed a cost-sharing requirement on local project
sponsors for the first time. While the MR&T was exempted from such cost sharing, this sea change
in how water infrastructure projects are funded by the federal government may affect the Mississippi
River indirectly. The norm is now established that local entities should bear some of the cost of a pro-
ject, as a means of reducing federal expenditures and ensuring local commitment to the project. The
poor understanding of the river’s value – and dangers – that is discussed above could make cost-sharing
an insuperable hurdle to future flood-control investment.

Negative public reaction to operating the floodways. The 2011 flood also exposed yet another signifi-
cant challenge that government faces. No matter how clear the government’s legal authority to open
floodways to respond to emergencies and no matter how clear the waiver of legal claims by those
whose lands are inundated by the waters, the spectacle of such government action creates an enormous
public-relations challenge. Those who have waived their rights, or whose parents and grandparents
waived their rights, may still be frustrated and angry. Third parties may have an interest in what the
government does. And there is, of course, no bar to state, local, or even federal politicians using the
occasion to condemn the federal government’s actions.

For instance, during the 2011 flood, residents of the Birds Point-New Madrid floodway and Missouri
politicians objected to the operation of the fuse-plug levee, notwithstanding the government’s clear legal
authority to act without paying compensatory damages. The New York Times ran an article titled, ‘Army
Corps Blows up Missouri Levee,’ and described the consequences for long-term residents trying to
make a living from farming there (Sulzberger, 2011: A1). The Wall Street Journal used similar
language, titling its article ‘Corps Blows Hole through Levee’ (Barrett & Brat, 2011: A13).

Nor did the clarity of the law prevent formal legal challenges, both before and after activation. The
State of Missouri sued the Army Corps, seeking to prevent operation of the floodway. A federal district
court ruled for the Army Corps and review was denied by the Supreme Court, allowing the operation to
go ahead (Barrett & Brat, 2011: A13). After the operation of Birds Point-New Madrid, many farmers in
the floodway sued the Army Corps. Allegations include a failure to obtain the appropriate easements
after plan modifications in 1983 and also damage not covered by existing easements (Big Oak
Farms, Inc. v. U.S., 2011). The litigation is ongoing.

Floodway operation thus should be considered not merely in terms of what the law will allow, but
also within the political context of mobilizing support for action. While this is not a technical challenge
that river managers face, its political implications are very significant. It is worth noting, then, that the
operation of the Morganza floodway in Louisiana did not trigger the same hue and cry. Instead, it
occurred without anywhere near the national attention, political clamor, or litigation challenges.

River managers and observers have suggested three possible distinctions that help illuminate what
makes such planned operations controversial. First, where Birds Point-New Madrid was last flooded
in 1937, the Morganza had been inundated in 1973. Some felt that the mere fact that more people
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remembered being flooded made it less controversial when it happened again. Second, the Morganza is
a permanent gated structure, where the fuse plug levee at Birds Point looked like any other levee. Thus,
local residents were reminded of the potential for flooding every time they saw the Morganza structure,
where Missourians saw nothing remarkable. Third, spilling into the Morganza flooded rural parts of
Louisiana to protect Baton Rouge and New Orleans, so state politicians and elected representatives
thought it better for their constituents on balance. Flooding Birds Point-New Madrid, however, protected
parts of Illinois and Kentucky, a lower priority for the Missouri politicians involved.

In order to maintain flood control, then, the Army Corps must not only have a technically sound plan,
but also the political sanction to implement it. In a time of tight budgets, alienating members of Con-
gress or governors will only exacerbate the difficulties described above. Thus, finding a way to ensure
political support for the actions already planned will be important to maintaining the legitimacy, and
thus the effectiveness, of the current flood-control system.

Human effects on the river: protecting the environment. The great projects of ensuring a navigable
river and controlling its floods inevitably involved extraordinary modifications of the Mississippi
River’s natural environment. Only in recent decades have public awareness of and concern for the
effects of these changes come to play a major role in how humans interact with the river. The Missis-
sippi River does not suffer from a shortage of water, as many other basins do, but rather a surfeit. The
environment, then, depends on what this water carries, and where.

The water is too dirty: pollution and declining water quality. One key and growing area of environ-
mental concern in the Mississippi River Basin is increasing pollution and a resulting decline in water
quality. Population growth, economic development, and expanded agriculture have increased discharges
of waste effluents into the river. While the Clean Water Act is effective at controlling ‘point source’1.
These nonpoint sources may be oil and chemicals from urban storm water drainage, sediment from

construction sites and mines, or, crucially, runoff from irrigated agriculture. Since agriculture accounts
for roughly three-fifths of lower Mississippi River Basin land use (Goolsby, 2000), the widespread use
of pesticides, herbicides, and fertilizers yields runoff containing extremely high concentrations of nutri-
ents, nitrogen, phosphorous, fecal bacteria, and toxic sediments. In addition, widespread dredging of the
navigation channel can further degrade water quality, because dredged material may contain toxic sedi-
ment (NRC, 2008).
The impact of the Mississippi River’s pollution by excess nutrients is most conspicuous in the Gulf of

Mexico, which, as a result, suffers from an enormous hypoxic zone each summer (NRC, 2008). When
this nutrient-rich river water flows into the nutrient-limited Gulf, marine algae grows explosively and
uses up all the available oxygen. The algae effectively suffocates itself in the Gulf, leaving behind
an oxygen-starved ‘dead zone’ that averages about 17,000 km2 in size (NOAA, 2008). This dead
zone has severe environmental consequences. The Mississippi River supports one of the world’s
most diverse fisheries, with about 183 species of freshwater fish living in the delta region (NPS,
2001a). At present, approximately 6 percent of the native fish species in the Mississippi delta are

1
‘Point source’ is a term of art of the Clean Water Act that is defined as ‘any discernible, confined and discrete conveyance,

including but not limited to any pipe, ditch, channel, tunnel, conduit, well, discrete fissure, container, rolling stock,
concentrated animal feeding operation, or vessel or other floating craft, from which pollutants are or may be discharged’
(33 U.S.C. § 1362(14)).
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found on the endangered, threatened, or special concern lists of the Fish and Wildlife Service (NPS,
2001a). Pollution thus threatens not only the remarkable biodiversity of this unique region, but also
the viability of the $650-million annual commercial fishing industry (NOAA, 2010).

In response, the Mississippi River/Gulf of Mexico Watershed Nutrient Task Force was formed in 1997,
made up of five federal and 10 state agencies. This task force attempts to understand the science behind the
Gulf of Mexico dead zone and also to coordinate activities to reduce the dead zone’s size, severity, and
duration. Its stated goal is to reduce the dead zone to an average size of less than 5,200 km2, but since its
inception that goal has been achieved only once (NOAA, 2008). Meanwhile, the U.S. Fish and Wildlife
Service has undertaken several projects in response to the growing number of endangered and threatened
species, such as establishing wildlife refuges to preserve critical habitat (FWS, 2013). Some states, like
Mississippi, have established extensive fish, game, and bird protection and refuge laws and regulations
[see Miss. Code Ann. §§ 49-5-1 through 49-5-141 (1999 & Supp. 2001)].

A further response to the concern of declining water quality has been the implementation of several
agricultural-runoff-management programs. One example is the Steele Bayou Project. During the 1990s,
the Army Corps installed 72 grade-control structures within the Steele Bayou basin, a largely agricul-
tural area located in the southwestern portion of Mississippi’s Delta region (USACE/MVK, undated).
These structures were installed as barriers between fields and local drainage channels, preventing exces-
sive field runoff and sediment discharge into these channels that ultimately drain to the river.
Construction of this project remains ongoing but results have already been dramatic and well received.
In fact, the Steele Bayou has improved so much that an association of local farmers and landowners
submitted a proposal to EPA requesting a further 70 to 100 sediment and runoff control structures in
the Steele Bayou basin (USACE/MVK, undated). This response, however illustrates the tradeoffs so
often encountered in river management: it improves water quality, but also serves to further starve
the river of sediment, the importance of which is discussed below.

The water is too clean: coastal land loss and a reduced sediment load. The other main environmental
challenge faced in the Mississippi basin is the ongoing and accelerating disappearance of coastal Louisi-
ana. As sediments deposited in millennia past settle, and as sea levels rise, coastal Louisiana is losing land
at the rate of roughly a football field an hour, equating to more than 60 km2 per year, a rate predicted to
speed up in the future (Reed & Wilson, 2004).2 This dramatic loss of Louisiana coastal land has several
identifiable causes.

The first cause is a reduction in the total amount of sediment transported by the river. As shown in
Figure 3 above, a river that carried approximately 400 million tons of sediment per year in the eight-
eenth century now carries only 145 million tons each year. This decrease is due in part to the
trapping of sediment behind Missouri River dams, estimated to account for 100 to 150 million tons
per year, as well as to other engineering alterations to the river such as meander cutoffs, river-training
structures, bank revetments, and soil erosion controls (Meade & Moody, 2010).

The second contributing cause is the altered flood regime of the river. In its natural state, the river
occasionally overflowed each part of the lower basin, depositing large amounts of sediment in areas

2 While the extent of the coastal zone changes over time, the Louisiana coastal zone is currently defined to cover an area of
approximately 5.3 million acres. This definition is under review, however, as it is considered inadequate to manage coastal
Louisiana given current threats (Day et al., 2010).

W. Niebling et al. / Water Policy 16 (2014) 87–116108



not traditionally part of the delta and thereby building land. The levee-forced creation of one permanent
and stationary channel has deprived the natural wetlands and tidal marshes of coastal Louisiana of the
sediments previously deposited during flood events. These wetlands depend on a recurring supply of
sediment from distributaries and flooding to counteract subsidence (the slow compaction of sediments
under their own weight), and effective flood control is starving them.

The third contributing cause is the artificial confining of the Mississippi outflow to its current location.
Historically, as sediment built the delta higher and higher, a distributary channel providing a steeper route
to the Gulf would capture the river’s flow. This change occurred roughly every millennium, shifting the
river mouth to build a new delta. In this way, a wide swathe of coastline was built and maintained by the
river’s natural action. Man, however, when faced with the threat of the Atchafalaya channel capturing the
main river, built the Old River Control Structures to maintain the river in its current channel indefinitely
(McPhee, 1989). Although these structures protect both the immense economic value of downriver com-
mercial infrastructure and the vitality of port cities such as Baton Rouge and New Orleans, restricting the
river’s course prevents it from building new land as it once did. Instead, the deep and swift navigation
channel delivers sediment into deep water in the Gulf of Mexico, rather than shallow coastal wetlands.

All of these effects are further exacerbated by manmade channels through wetlands, used for oil and
gas extraction or for fishing, as well as by the influx of salt water due to sea-level rise. This loss of
coastal Louisiana and its wetlands will have – and is already having – enormous local impacts: the dis-
appearance of both wildlife and human habitat, including areas occupied by several threatened and
endangered species; a reduction in fish, shrimp, crab, and crawfish fisheries; and the associated loss
of livelihoods of local residents. These wetlands are also important bird and waterfowl migration corri-
dors, with nearly 40 percent of North America’s waterfowl and 60 percent of all bird species in the
United States migrating through the Mississippi River valley (NPS, 2001b). Finally, the coastal wetlands
have long acted as a first line of defense against hurricanes, suggesting that as they decay, coastal
Louisiana is increasingly exposed to hurricanes and storm surge.

Recognizing the need to respond to this growing threat, the Army Corps has begun to study and exper-
iment with changes to how it manages river sediment. It has constructed diversion structures to reroute
sediment-rich water into wetland areas. Coastal communities, seeking a way to slow or even reverse the
effects of subsidence and coastal erosion, seek more such diversions. But the Army Corps faces difficult
tradeoffs. Any water diverted to replenish sediment reduces the depth of the water remaining in the naviga-
tion channel, limiting the draft of commercial traffic. At the same time, that water carries not just valuable
sediment, but the nutrient and toxic pollution described above, and can harm fragile wetland ecosystems.

The science of these environmental challenges, and its interaction with the imperatives of navigation and
flood control, has remained unchanged for decades. What has changed, however, are social values, human
awareness, and public understanding of these challenges. To acknowledge and address them, the govern-
ment has introduced regulations and procedures, involving more and more stakeholders, interested parties,
and environmental players. Although increased regulation and public attention have brought many of these
historical environmental concerns closer to the forefront of public priority, these same factors also result in
a protracted and complex decision making and action process that makes addressing them difficult.

A case study: Yazoo Backwater Area Pumps Project

To understand how these challenges and responses interact, a case study can help provide context for
the tradeoffs inherent to federal and local decision making. The Yazoo Backwater Area Pumps Project
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has been a subject of controversy for more than half a century, a major piece of MR&T infrastructure
keenly desired by local residents and opposed by environmental advocates, at times seen as wasteful, at
other times as essential.

Project background: a brief history. The Yazoo Backwater Area Pumps Project has been designed to
reduce backwater flooding in the Yazoo-Mississippi Delta during periods of high flow along the Mis-
sissippi (USACE/MVK, 2007). If the Mississippi River’s water level becomes sufficiently high, it can
block the outflow of the Yazoo River, causing the Yazoo to back up and flood its drainage basin (Barry,
1997: 177; USACE/MVK, 2007). Just as ‘mainline’ levees protect riparian development along the Mis-
sissippi River, levees lining some of the larger tributaries such as the Yazoo, known as backwater levees,
have been constructed to protect development along these tributaries from backwater flooding. These
backwater levees also protect lands from flooding from the tributary itself, an added benefit. For an illus-
tration of the Yazoo Backwater Area, please refer to Figure 1 of EPA (2008).

Although effective at preventing backwater flooding, backwater levees also block natural drainage
into the levee-lined tributary. This flow can then flood the tributary’s drainage basin. To prevent
such flooding, gates are installed in the backwater levee, and under normal conditions, these gates
are open to allow drainage to pass through the levee. During high water events on the Mississippi,
the gates are shut to prevent water from flowing the other way and flooding the backwater area. If, how-
ever, there is significant rainfall in the backwater basin during a flood event along the main river, that
water will accumulate against the backside of the backwater levees and flood the drainage basin itself.
One solution to this challenge is the installation of pumps that move water over the closed gate and into
the larger, levee-lined tributary.

The Yazoo Pumps Project was authorized in 1941 as part of a political compromise between Louisi-
ana and Arkansas on the one hand, and Mississippi on the other (Camillo & Pearcy, 2006: ch. 12). In
exchange for forgoing a floodway across the river, Mississippi residents were promised a pump to alle-
viate the effects of backwater flooding.

Prior to the 1941 Flood Control Act, the MRC had proposed the Eudora Floodway along the west
bank of the Mississippi, covering parts of Arkansas and Louisiana. The floodway was opposed by
Arkansas and Louisiana residents, but its elimination threatened greater flooding in the Yazoo basin
and was thus unpopular with Mississippians. The final compromise contained in the 1941 Flood Control
Act removed the Eudora Floodway, raised the mainline levees, and authorized the Yazoo Pumps Project
to alleviate the effects of backwater flooding due to the removal of the controversial floodway (Camillo
& Pearcy, 2006: ch. 12; USACE/MVK, 2007).

Work on the project was halted in 1959 due to a belief that the backwater-flooding risk to the Yazoo
basin had been reduced by channel improvements (EPA, 2008), making the pumps no longer economi-
cally justified (EPA, 2008). Opinions changed again, and work resumed in the early 1980s, but halted
once more with the passage of WRDA 1986, which imposed a cost-sharing requirement on the project
that local authorities did not choose to meet (EPA, 2008). A decade later, WRDA 1996 restored full fed-
eral funding to the Yazoo Pumps Project, but the latest delay had allowed time for concern about the
project’s environmental effects to ripen. After years of political battles, EPA in 2008 exercised its
Clean Water Act § 404(c) authority to veto the project (EPA, 2008). EPA stated as its reason for the veto

‘The construction and operation of the proposed pumps would dramatically alter the timing, and
reduce the spatial extent, depth, frequency, and duration of time that wetlands within the project

W. Niebling et al. / Water Policy 16 (2014) 87–116110



area are inundated. After extensive evaluation of the record for this project, EPA has determined that
these large-scale hydrologic alterations would significantly degrade the critical ecological functions
provided by approximately 67,000 acres of wetlands in the Yazoo Backwater Area’ (EPA, 2008).

Litigation is ongoing on whether EPA properly exercised its § 404(c) authority. A local levee board con-
tends that the project is exempted from § 404(c) by the provisions of § 404(r), relating to projects
specifically authorized by Congress (Nimrod, 2012). In 2011, a federal District Court upheld the EPA’s
veto (McKenna, 2011), and on March 6, 2012, the Fifth Circuit Court of Appeals affirmed that decision
(Board, 2012).

A case study of process, funding, and competing objectives. Whether the project should be built is a
question for the political process and is not one we presume to be competent to answer. Rather, we pre-
sent the story of the Yazoo Pumps Project because it brings to life many of the main challenges and
concerns present in every major decision regarding the Mississippi River.

Seven decades after the project’s authorization, the Yazoo Pumps Project is yet to be completed and
may never be. The two most significant factors slowing it down have been a lack of funding and the
increased weight given to environmental considerations. The halts in the project in 1959 and 1986
were ultimately matters of money. In the first instance, the federal government was the limiting
factor, deciding that the cost of the pumps was at the time not worth the expense. In second instance
in 1986, the local levee board was not able to shoulder the financial requirements imposed by
WRDA 1986.

If funding is one root cause for long delays, the challenge of implementing projects conceived
before many contemporary environmental laws were in place has been equally daunting. In 1941,
when the Yazoo Pumps Project was authorized, environmental effects were not an area of significant
concern. The project, authorized and planned under priorities of the past, is now confronted with and
constrained by the priorities of the present. After the resumption of work on the project that came
with WRDA 1996, much of the time and effort was spent on reassessing environmental impacts
and developing more environmentally responsible alternatives to the original project. Yet EPA still
saw fit to veto (EPA, 2008).

Another salient feature of river management highlighted by this case is what appears to be a factual
disagreement between managers of the river and the environmental advocates. One of the components
of the project is a significant reforestation effort that would, according to the Mississippi Levee Board
(Nimrod, 2012) and the Army Corps (USACE/MVK, 2007), produce net environmental benefits. Yet
environmental advocates doubted whether the Army Corps would actually follow through on those
reforestation efforts, and thus that component of the project did not persuade them to support it
(Sierra Club, undated). The EPA evidently agreed with the environmentalists.

This disagreement points to the difficulty of managing the river in a way that protects the environment
without forgoing the ability to control floods and maintain navigation. Compromise has not been forth-
coming between environmental groups and river-management organizations (Nimrod, 2012). Both sides
are capable of exerting significant political influence, and without some willingness to accommodate
each other, it seems that progress will remain slow.

The Yazoo Pumps Project also points to the question of federal responsibility and control over pro-
jects with local effect and benefit. The Delta is a poor region, and WRDA 1986 showed that the local
residents were unable or unwilling to provide the financing for their share of the pumps. Yet it is a

W. Niebling et al. / Water Policy 16 (2014) 87–116 111



system of federal infrastructure that causes the backwater flooding at issue, and so there is perhaps a
federal obligation to relieve such flooding. That said, without a federal system at all, the Delta region
would be susceptible to even more flooding from the main stem of the river. What, then, is the baseline,
and who should bear the costs of the pumps?

Beyond costs, the question of who should decide on the pump is similarly elusive. Before vetoing the
project, the EPA solicited notice and comment from the public, as required by the Clean Water Act
(EPA, 2008). Most respondents at the national and Mississippi state level were in support of the
veto, while more than 80 percent of respondents from the Yazoo Backwater Area itself opposed the
veto (EPA, 2008). That those who would directly benefit were against the veto is not surprising. It
speaks, however, to differing conceptions of the national benefits the Delta does and could provide.
A rich agricultural area, the Delta is also the home of large tracts of wetlands. Who should exercise con-
trol over how those competing land uses are allocated? The costs and benefits of both agriculture and
ecosystem protection can be said to accrue to the country as a whole, although in very different magni-
tudes than to the residents of the region.

Thus, the Yazoo Backwater Area Pumps Project raises intricate questions of how to decide, who
should decide, and who should pay. It seeks to balance a federal priority with local impacts, to trade
off human development and ecosystem protection, to weigh national costs and benefits with local
costs and benefits. It implicates fairness and equity, intended and unintended consequences, and the
proper role of history in the present.

Conclusion

The challenges raised by the Yazoo Pumps Project are present in every major undertaking on the Mis-
sissippi River in some form and to some degree. This study of the lower Mississippi River attempts to
reveal the interconnection of historic actions and current challenges. It aims to illustrate the implications
of historic path dependency in the calamitous 1927 flood, the tenuousness of historical memory in the
Birds Point-New Madrid Floodway, and the unfairness of historical timing in the Yazoo Backwater Area
Pumps Project. It also underscores the irony of the historical inevitability and current incongruity of
military management of a civilian resource, the incongruity of the organic creation of Mississippi
River governance, and its many differences from other basins around the country and the world.

Running through each of these challenges are complex and contentious questions of how power and
responsibility are allocated in a country with shared sovereignty. Even with a river such as the Missis-
sippi, where federal supremacy is widely acknowledged, the democratic process produces results that
displease those whom the results affect. States and localities acting independently in their own interest
would not serve that interest so well as a coordinated federal government could. Yet who decides for that
government, not to mention who pays its bills, leaves plenty of choice in how decisions are and should
be made. There is, then, work still to do.
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Abstract

This paper traces the evolving institutional and policy responses to the social, environmental and economic
needs of stakeholders in the Murray–Darling Basin. The paper begins by describing four cycles of challenge
and response in the basin: the first period (1830–1900) witnessed the state-level development of irrigation
and navigation in the basin; the second period (1900–1982) encompassed the construction of the basin’s
major engineering projects and irrigation infrastructure; the third period (1982–2007) covered the institution
of market reforms under a ‘whole Basin’ management approach, in particular, the development of inter-state
water trading and the National Water Initiative; and the fourth phase (2007–present), marks the assertion of
federal authority over water management with the passing of the Water Act in 2007. The second section of
the paper provides background on the basin’s natural environment and its infrastructure. This section also
describes the increasing centralization of basin management authority by the federal government. The
paper’s final section presents three key questions for the basin’s future: (1) the politically acceptable balance
between environmental and economic uses for water in the basin; (2) the appropriate allocation of responsibility
between federal and state basin management authorities; and (3) the best way to deliver the desired environ-
mental outcomes.
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Introduction

Historical challenges and responses in the Murray–Darling Basin

With a footprint covering over one million square kilometers of inland southeast Australia, the
Murray–Darling River Basin contains some of Australia’s most valuable agricultural and environmental
assets (MDBA, 2010). Basin policymakers face the challenge of creating economic prosperity for its
two million inhabitants while preserving the environmental health of a uniquely variable river
system. Since Australian Federation, successive governments have championed the use of agriculture
to spur economic development within the basin (MDBA, 2010). But with basin lands overlapping
the territory of Queensland, New South Wales, the Australian Capital Territory, Victoria, and South
Australia, and water management under the control of those states, twentieth-century institutional gov-
ernance frameworks led to the over-allocation of water resources, a reality highlighted by the recent
Millennium Drought (see Figure 1).

By 2010, as noted by Australian legal scholars Paul Kildea and George Williams, ‘the management of
water in Australia’s rivers has become, within little more than a decade, one of the most urgent public
policy problems facing governments at every tier of the Australian Federation’ (Kildea & Williams,
2010). Indeed, in the last three decades, the management of the Murray–Darling Basin has undergone
a dramatic transformation in three respects: (1) the adoption of a water-management system based on
economic principles and property rights; (2) the rise of environmental concerns leading to the creation
of environmental water entitlements and sustainable diversion limits (SDLs); and (3) the shift in man-
agement of the basin from state control to a centralized approach under a federal agency. It remains to be
seen whether this market-based regulatory approach and new institutional framework will better meet
the challenge of balancing environmental sustainability and economic productivity that has existed
throughout basin history.

Exploring and exploiting the river – state-led development of the basin (1830–1900)

The indigenous peoples of Australia have relied on the abundance of the Murray–Darling Basin for at
least 50,000 years (MDBA, 2010). The first Europeans reached the Murray River and the Darling River
in the 1830s, and settlement of the basin quickly became entangled with the drive to conquer the con-
tinent’s inland waterways and hinterlands (Wanna, 2008). Drovers, squatters, and then pastoralists
established large sheep and cattle properties in the northern parts of the basin, and paddle-steamer
trade began in South Australia in the 1850s. Steamer trade carried wool, wheat, and other goods up
and down the Murray, Darling and Murrumbidgee Rivers, thriving until the completion of inland rail-
ways in the late 1890s and early 1900s (MDBA, 2010).
Nevertheless, the variable and uncertain Australian climate combined with the relatively low rainfall,

particularly in the southern half of the basin, inhibited regional development and agricultural production.
When representatives from the colonies of New South Wales, Victoria, and South Australia met in
Melbourne in 1863 to discuss the future of the basin, they resolved that, ‘[t]he commerce, population
and wealth of Australia can be largely increased by rendering navigable and otherwise utilizing the
great rivers of the interior such as the Murray, Edward, Murrumbidgee and Darling; and that the obli-
gation of carrying into effect the necessary works devolves primarily upon the respective Governments
having jurisdiction over such rivers’ (Clark, 1971a).
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Large volume irrigation pumping systems were completed in the southern parts of the basin in 1880s,
greatly accelerating settlement and exploitation of the river in Victoria and New South Wales (Hamilton-
McKenzie, 2009). By the late nineteenth century, the upstream colonies had become interested in

Fig. 1. Political map of the Murray–Darling Basin. Source: MDBA (2013).
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irrigation as a technological solution to the shortage of arable land (Connell, 2007). Irrigation from the
River Murray and its tributaries was seen as a way of developing land and ensuring continued economic
growth. Irrigated agriculture from the basin soon became a critical element of the Australian economy.

However, as described by Australian legal scholar Sandford Clark, ‘[a]s time went on it emerged that
the colonies had very different interests at stake and the resulting tussle for priorities over a scarce
resource infected Australian politics until well after Federation’ (Clark, 1971a). South Australia was
concerned with maintaining sufficient flows in the Murray–Darling system to protect its burgeoning
river trade (Connell, 2007). However, increased diversions upstream for agricultural purposes reduced
water levels, leaving the River Murray navigable for paddle-steamer trade during a shorter period of the
year. Significant competition, or at least uncertainty, also existed between Victoria and New South
Wales, given their shared border along the River Murray (Clark, 1971a). An economic depression
beginning in 1890 and the Federation Drought beginning in 1895 exacerbated these conflicts.

As a result, water management was one of the most contentious issues in the drafting of the Australian
Constitution (Kildea & Williams, 2010). Under the final constitutional agreement that is still in place
today, the Commonwealth government’s trade and commerce powers extend to the regulation of navigation,
enabling the Commonwealth to guarantee SouthAustralia’s interest in river trade (s51, 98). At the same time,
the Constitution specifically prohibits Commonwealth interference with the rights of states or their residents
to reasonable use of thewaters of rivers for conservation or irrigation, which reassuredNewSouthWales and
Victoria (s100). The Commonwealth retains some influence over policymaking through its power to offer
conditional funding to the states and territories (s96), but in general, states have plenary legislative power
over management of water resources, including management of the basin (McKay, 2008).

Reengineering the river – construction of irrigation infrastructure and water quality interventions
(1900–1994)

In 1902, in the midst of the Federation Drought and at the urging of the local community, represen-
tatives from New South Wales, Victoria, and South Australia met in Corowa and appointed an Inter-
State Royal Commission on the River Murray to make recommendations on the future of the river.
Later that year, the Royal Commission recommended first, that a permanent agreement should be
entered into for the administration of the river and second, that ‘the demands of navigation must
yield to those of general supply to settlers and for the irrigation of the land’ (Interstate Royal Commis-
sion on the River Murray, 1902).

Thirteen more years of negotiation ensued before the four basin governments – South Australia, New
South Wales, Victoria, and the Commonwealth – signed the River Murray Waters Agreement (RMWA).
Based on the Royal Commission’s recommendation that dams and weirs be built to store water and
avoid erratic flows from year to year, the RMWA provided for the construction of an Upper Murray
storage (subsequently Hume Dam), a Lake Victoria storage, locks and weirs between Echuca in Victoria
and the Murray mouth, and a system of locks either on the Murrumbidgee or the Darling (Clark, 1971a).
The RMWA also enshrined water-sharing principles that remain largely unchanged today: the two
upstream states, New South Wales and Victoria, share the waters of the Upper Murray equally and con-
trol the tributaries on their own sides of the river, while guaranteeing a minimum level of flow to South
Australia (1,850 GL/annum) provided equally by the upstream states (Clark, 1971–1972). Importantly,
the RMW Agreement introduced the principle of consensus, requiring unanimous support for all
decisions. Consensus often took a long time to achieve, but it had the benefit that all parties
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implemented decisions regardless of contentious negotiations. The RMW Agreement also established a
joint fund to which all parties contributed to construct and operate the riverworks.

It took a further two years, until 1917, for the contracting states to create the Murray River Commission to
implement the RMWA. The commission consisted of state-appointed representatives and a Commonwealth-
appointed chair with little other support staff (Clark, 1971a). Its immediate role was to coordinate the con-
struction of storages, locks, and weirs by the three states’ constructing authorities. The Lake Victoria storage
was completed in 1928, Hume Dam in 1936, and the last of the original locks and weirs in 1937. In 1934,
during the Great Depression, major amendments were made to the RMWA to rationalize works on the river.
The rise of the railways put an emphasis on irrigation rather than navigation, so only locks and weirs that
aided irrigation diversion were constructed. In 1940, the construction of five barrages across the mouth of
the Murray was completed. These prevent salt water from the ocean from entering the Lower Murray.

In the decades following World War II, consumptive water use increased steadily, largely as a result of
the spread of irrigated agriculture and its central connection to Australia’s soldier settlement schemes
(MDBA, 2010). Several major irrigation infrastructure projects were completed between the 1950s and
the end of the 1970s (Rendell, 2011). The Snowy Mountains Scheme, conceived in 1949 and completed
in 1974, reflected the contemporary emphasis on the use of water to generate production and promote social
development. The scheme involved the construction of 16 major dams and 225 kilometers of tunnels, pipe-
lines, and aqueducts to transfer 2,100 GL of water a year from the Snowy River and other rivers to support
irrigated agriculture in the Murrumbidgee and Murray Rivers as well as to generate hydroelectricity.

During this period, different states adopted significantly different policies regarding water entitlements and
allocations (Rendell, 2011). In New South Wales, farmers plant heavily water-dependent cash crops such as
rice and cereals only when water is abundant. For this reason, farmers seek a water allocation as high as poss-
ible in wet years, and low priority is given to guaranteeing water supply in the following years. In contrast, the
irrigated pastures that dominate theVictorian landscape togetherwith significant horticultural areas inVictoria
requiremuch higher supply security. In Victoria, the reserve of water carried from one year to the nextmust be
sufficient to ensure that full water rights can be delivered even if a drought occurs. Even higher security is
required by South Australia because of the predominance of permanent plantings in irrigated areas and the
reliance on the RiverMurray for urban and industrial supplies. These uses are normally fully satisfied because
of the high security of South Australia’s entitlement flow. Significantly, for much of the twentieth century,
these water entitlements were granted at no cost in order to promote the development of irrigated agriculture.

By the late 1960s, however, poor irrigation practices during periods of water abundance generated a
marked escalation in water-quality problems including rising salinity levels (MDBC, 2012). A severe
drought in 1967–1968 raised public awareness of the issue, and the River Murray Commission’s sub-
sequent investigations demonstrated that rising salinity levels had resulted in reduced crop yields,
corroded domestic and industrial equipment, and damage to aquatic environments and wetlands
(MDBC, 2012). The wet years since World War II had increased the level of groundwater tables dra-
matically, bringing salt closer to the surface.

Instituting market mechanisms – the Council of Australian Governments (COAG) Water Reform Agenda
of 1994, the National Water Initiative (NWI) of 2004, and the Development of Interstate Water Trading
(1982–2007)

A major drought in 1982 and the election of a reform-minded Commonwealth government initiated
the period of reform leading to the COAG Water Reform Agenda of 1994. In 1982, the states amended
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the RMWA to allow the River Murray Commission to consider all relevant water-management objec-
tives, including water quality, as part of the investigation, planning, and operation of its work. Given the
increasing evidence that the successful management of the basin’s river systems was directly related to
land use throughout the catchment, further amendments to the RMWA in 1984 enhanced the commis-
sion’s environmental responsibilities, but only in a very limited way.

Despite these changes, continued water quality problems demonstrated the limits of the contemporary
institutional arrangement. Individual states with varied water management schemes could no longer
tackle water quality and environmental degradation on an individual, discrete basis (Connell & Grafton,
2011; MDBC, 2012). Water management needed to be more collaborative and centralized, with a
greater emphasis on a basin-wide approach.

In response, in 1992, the governments of New South Wales, Victoria, South Australia, and the Com-
monwealth signed the Murray–Darling Basin Agreement. The final agreement sought ‘equitable,
efficient, and sustainable use of the water, land, and other environmental resources of the Murray–Dar-
ling Basin’ (Murray–Darling Basin Agreement, 1992) and recognized that no individual government
could effectively address the problems facing the region. Under this new agreement, the Murray–Darling
Basin Ministerial Council (‘MDBMC’), consisting of the relevant ministers from each state, crafted
policy informed by recommendations from the Community Advisory Committee and executed by the
Murray–Darling Basin Commission (‘MDBC’) (Murray-Darling Basin Agreement, 1992). The agree-
ment continued the principles of consensus decision-making and joint funding.

As one of its first actions, the Ministerial Council established the Salinity and Drainage Strategy, con-
sisting of four main elements: (1) salt interception schemes to reduce river salinity; (2) revised rules of
operation for storage in the basin to reduce the loss of water through evaporation; (3) development of
improved land-management techniques and new crops for saline environments; and (4) land-
management schemes jointly funded by the Commonwealth and the states to control land salinization
(MDBC, 2012). Salt-interception schemes have been largely successful in reducing salinity levels in
the River Murray (MDBA, 2011a). Every year, large-scale pumping schemes divert an estimated
half-million tons of salt away from the river to salt-management basins. Additionally, under the sal-
inity-trading scheme between Victoria and New South Wales, each state received salinity credits for
its contributions to the initial interception schemes, and the salinity impact of any new irrigation
scheme had to be offset by acquiring additional credits (MacDonald & Young, 2001).

Nevertheless, river conditions and resource security in the basin continued to deteriorate. In the
summer of 1991–1992, a spectacular algal bloom extending more than 1,000 km along the Darling
River brought national attention to the problem of over-allocation (Connell & Grafton, 2011). A
1995 report, ‘An Audit of Use in the Murray–Darling Basin,’ commissioned by the MDBC, confirmed
that if increases in diversions continued, the basin would face further declines (MDBC, 2008a, b, c, d).
Beyond reengineering the river, the institutions and operating rules that governed the basin also had to
be reformed.

Like nearly all parts of the Australian economy, the water sector was swept up in the market-based
reforms of the National Competition Policy (NCP) put forth by the COAG in the early 1990s. COAG
brings together the Australian government, the six state governments, and the governments of the Aus-
tralian Capital Territory and the Northern Territory. Once COAG has unanimously approved an
intergovernmental agreement, each government enacts the necessary legislation in its own parliament
to bring the agreement into force. In the case of the NCP reforms, the Commonwealth government
facilitated implementation by distributing funds to states and territories on the basis of their progress
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in realizing reforms (MacDonald & Young, 2001). These funds were key carrots and sticks in the reform
implementation process.

In 1994, COAG developed the Water Reform Framework for the efficient and sustainable reform of
Australia’s rural and urban water industries (COAG, 1994). Many of the institutional changes were
designed to create more efficient water markets, including the creation of tradable water licenses
that were separate from land titles and clearly defined in terms of ownership, volume, reliability,
transferability, and quality (Productivity Commission, 2010). The framework also called for trading
in water allocations (temporary water-use entities) or entitlements (permanent rights to water).
Although intrastate water trading had existed in many states since the 1980s, the framework also
called for interstate trading where feasible. Other reforms included consumption-based pricing, elim-
ination of cross subsidies, rigorous environmental and economic assessment of new, rural water
projects, and reform of water industry institutions. These reforms, in turn, led to extensive corpora-
tization of state water authorities and improved efficiency. Each state or territory was given the
flexibility to adopt its own approach to implementation, but all agreed that the full framework
would be implemented by 2001 (MacDonald & Young, 2001). The Commonwealth put forth con-
ditional funding to induce states to implement these reforms. This conditionality ensured that the
water reforms did not become the concern only of water managers, but continued to get attention
from politicians and officials (including premiers and treasurers) who were responsible for broader
state policies.

Soon after the economic reforms, in response to the findings of the 1995 Audit, the MDBMC agreed
to a cap, an upper limit, on surface water diversions, to be set at the 1993–1994 levels of development,
ending the issuance of new water rights in the basin (MDBA, 2012a, b). Setting the cap proved difficult
under the consensus-based system of the time; the MDBMC reached agreement only by avoiding dis-
cussion of contentious issues (such as ground water and on-farm diversions) and delaying the cap’s
application to much of the northern section of the basin (Connell & Grafton, 2011).
The cap did not limit further irrigation development, but rather set a total volume of water that could

be extracted each year for consumptive purposes. Water markets were to be used to reallocate water to
the locations where irrigation had a higher value use (Connell & Grafton, 2011). Water users who
desired greater water security, such as perennial horticulturalists, could purchase water from growers
of annual and water-thirsty crops, such as rice and cotton, in years when water was scarce (and
prices high). In many instances this meant that during a drought rice farmers, for example, could
make more income from selling water than growing crops. Annual crop growers could sell that water
at a high price and plant their crops only in years when water was relatively inexpensive. These
market-based reforms proved to be very effective in limiting the economic impact of the Millennium
Drought from 1997 to 2010 (Fargher & Olszak, 2011). Due to water trading, the basin experienced
little reduction in the aggregate economic value of irrigated agricultural production despite the large
reductions in water availability during that period (see Figures 2 and 3). Water trading has also allowed
marginal irrigators to exit the industry more profitably by realizing the value of their water rights (Jones
& Milligan, 2011).

A major review of the cap was conducted five years later in 2000. The MDBC concluded that the cap
had been an essential first step in providing for the environmental sustainability of the basin’s river
system; without it, there would have been a significantly increased risk of even greater environmental
degradation (see Figures 4 and 5). Even so, the Commission recognized that the cap did not necessarily
provide a sustainable level of diversions.
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Given this assessment, in August 2003 the MDBMC established an intergovernmental agreement to
provide $500 million across five years to address over-allocation in the basin (DSEWPaC, 2011). The
agreement, known as the Living Murray First Step, aimed to improve the health of six ‘icon sites’ in the
basin (which include the Barmah–Millewa Forest, the Gunbower and Koondrook–Perricoota Forests,
the Hattah Lakes, the Chowilla Floodplain, the Lower Lakes, Coorong and Murray Mouth, and the

Fig. 2. Effects of water trading on crop selection. Source: Briscoe (2011).

Fig. 3. Direction of water trade across state boundaries. Source: NWC (2008).
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River Murray Channel) first through investments in efficiency measures and then by purchasing and
returning 500 GL of permanent ‘new water’ to the River Murray. Environmental flows were allocated
to important wetlands, like the Barmah–Millwea forests, as a result of engineering works and pumps at
each site that allowed for selective watering. Today, the environmental water recovered under this pro-
gram is estimated to come from three sources in the following proportions: 25 percent regulatory
measures, 30 percent infrastructure measures, and 45 percent market-based measures (namely, the pur-
chase of water entitlements) (DSEWPaC, 2011).
Increasing frustration with the delayed implementation of the 1994 reforms, however, led to the

approval of a more detailed package of reforms under a new COAG intergovernmental agreement,
the 2004 NWI (COAG, 2004). The ongoing objective of NWI is to achieve a uniform national
market for water entitlements and allocations that will act as a regulatory system to manage water
resources for rural and urban use in order to optimize economic, social and environmental outcomes
(COAG, 2004). The NWI put a greater emphasis on the over allocation of water for consumptive
use. Under the NWI, the states made commitments to return over-allocated or overused systems to

Fig. 5. The operation of the cap on the Murray–Darling Basin diversions. Source: MDBC (2008c).

Fig. 4. Growth in water use in the Murray–Darling Basin. Source: MDBC (2008c).
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sustainable levels of extractions and remove trade barriers in state water markets. In addition, the NWI
further clarified the allocation of risk arising from future changes in the availability of water.

That same year, the Commonwealth Government established the National Water Commission (NWC)
to advise it on national water issues and to monitor the implementation of the NWI. Funded by the Com-
monwealth, the commission comprises seven relevant experts, four appointed by the Commonwealth
and three by the states. The NWC helped prepare the 2005 NCP Assessment of Water Reform Progress,
which found that New South Wales, Victoria, and South Australia had made insufficient progress in
meeting their interstate water-trading commitments for the basin (NCC, 2005). As a result, the Com-
monwealth decided to withhold several millions of dollars of incentive payments under the NCP
from New South Wales, Victoria, and South Australia (Grafton, 2010).

Reforming river institutions – assertion of federal authority over water management (2007–present)

Despite these changes, critics remained concerned that decision making and implementation in the
basin not only moved too slowly, but also gravitated toward the lowest common denominator of
policy positions held by the Basin states. The effects of the Millennium Drought, beginning in 1997
and ending in 2010, exacerbated the concern that the consensus-based approach had failed to protect
the basin’s environmental assets. Critics also believed that the MDBC was unable to adapt quickly
enough to changing circumstances, such as critical urban and rural water shortages (Connell, 2011;
Williams, 2011).

On January 25, 2007, Australian Prime Minister John Howard announced the ‘National Plan for
Water Security,’ motivated in part by the opportunity to win support among urban, pro-environmental
voters in the run-up to the 2007 federal election (Howard, 2007; Briscoe, 2011). The 10-year plan,
backed by $10 billion of federal money, encompassed a range of commitments, including: investing
in irrigation infrastructure, addressing over-allocation of water through $3 billion in entitlement pur-
chases, centralizing water information, and reforming decision making processes in the basin. In
particular, Howard proposed to reconstitute the MDBC as a Commonwealth government agency report-
ing to a single Commonwealth minister and to develop a new Basin Plan that would impose a revised
cap on diversions. The proposal abandoned the tradition of consensus-based decision-making, despite
the risk that the states would politically disengage. The Commonwealth asked the Basin states for a
referral of powers under section 51(xxxvii) of the Constitution, ‘to enable it to manage the MDB in
the national interest’ (Howard, 2007).

The following month, four of the five Basin states agreed to the proposed referral of powers, but Vic-
toria held out, seeking a bigger share of the federal money and arguing that Howard’s proposal rewarded
states with poor infrastructure and water efficiency (Lewis, 2007). When further discussion failed to
bring an agreement, Howard announced on July 24, 2007, that the federal government would pass
the necessary legislation based on its existing legislative powers. Nevertheless, he admitted that,
although Commonwealth power was broad, it was ‘not as extensive as to give us close to an ideal
scheme,’ thus acknowledging from the outset that the failure to get state referrals of power impacted
the design of the Water Act.

Thus, when the Water Act was introduced in Parliament in August 2007, it was clearly based on a
‘hotch-potch’ of federal constitutional powers (Twomey, 2007), including the power to legislate in
the areas of interstate trade and commerce, corporations, and external affairs, as well as powers relating
to meteorological observations, statistics, and weights and measures (Australian Constitution, 1901).
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The Commonwealth relied heavily on its external affairs power under section 51(xxix) of the Consti-
tution, and in particular the aspect of the power that enables the federal Parliament to pass laws to
implement obligations assumed by the federal executive under international treaties and conventions
(Commonwealth v Tasmania, 1983). In the case of the Water Act, the Commonwealth derived its regu-
lation powers from its obligations under international environmental treaties including the Ramsar
Convention on the Wetlands and the Convention of Biological Diversity. The environmental, rather
than social or economic, focus of these treaties generated questions about the proper interpretation of
the purposes and requirements of the Water Act that are still unresolved today. But the shift toward fed-
eral authority was undisputed. Malcolm Turnbull, the primary author of the act, would later say, ‘In the
1890s our founding fathers missed a big opportunity when they drafted our Constitution in not putting
the management of interstate waters under federal jurisdiction. In 2007, we rectified that mistake with
the Water Act’ (Turnbull, 2010). The act passed without amendment and with bipartisan support in
August 2007.

In April 2008, following a change in government, the Commonwealth announced the final spending
package to accompany the Water Act: a $12.9-billion, 10-year initiative named Water for the Future
(Connell & Grafton, 2011). Its principal parts included $5.8 billion to subsidize water-use efficiency
improvements and $3.1 billion for the purchase of water entitlements from willing sellers. Both pro-
grams were intended to reduce the current levels of water extractions in the basin, with the
Australian government receiving, typically, 50 percent of the water savings from infrastructure subsidies
in the form of water entitlements. Access to the $5.8 billion for water infrastructure was linked to state
implementation of water reforms, and the Commonwealth promised that the states would not bear
additional net costs as a consequence of the reforms set out in the Water Act.

By July 2008, the Basin states had been convinced to sign a new Intergovernmental Agreement on
Murray–Darling Basin Reform; this gave effect to a Memorandum of Understanding to which the par-
ties had agreed at a COAG meeting in March 2008 (COAG, 2008). Under the Reform Agreement, the
Basin states agreed to use their ‘best endeavors’ to pass legislation to provide a referral of constitutional
powers. The purpose of the referral was only to allow the Commonwealth to amend to the Water Act in
limited ways: to transfer the existing powers and functions of the MDBC to the new Commonwealth
agency (the Murray–Darling Basin Authority (‘MDBA’)), thus establishing the MDBA as the federal
body responsible for the comprehensive management of the basin’s water resources; to expand the
role of the Australia Competition & Consumer Commission so that its regulatory scope extended to irri-
gation infrastructure operators and related bodies that fall outside the scope of Commonwealth power;
and to enable the Basin Plan to provide for critical human water needs. The states introduced referral
legislation in their respective parliaments through the remainder of 2008, and the Water Amendment
Bill 2008 passed that December.

Under the act and its amendments, the MDBA now has two sets of functions. First, like its predeces-
sor the MDBC, the MDBA is responsible for day-to-day river operations and maintenance of basin
infrastructure. Second, the MDBA must draft and enforce a Basin Plan. In the Basin Plan, the
MDBA must establish environmentally sustainable limits on the diversion of surface and ground
water for the integrated management of water resources. The MDBA released a Guide to the Proposed
Basin Plan in October 2010, and a Draft Basin Plan in November 2011. The plan is currently open for
public consultation, with a final Plan to be presented in April 2012. As will be discussed below, the
drafting of the Basin Plan has been highly controversial and highly criticized (Briscoe, 2011). As of
this writing, the proper interpretation of the act and how it should inform the drafting of the Basin
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Plan remains uncertain. The irrigation community claims that economic and social factors must be con-
sidered on equal footing with environmental objectives; the environmental community insists that any
concession to farmers violates what is at its core an environmental law.

The facts of the basin

The natural environment

Geography, climate and environment – basic geography and climate. The Murray–Darling Basin’s
flat geography – coupled with a dry, variable climate that makes flows in the region’s rivers both vari-
able and unpredictable – has generated many of the engineering and institutional policy responses of the
last century. As described above, the basin has a long history of floods and droughts.

The headwaters of the River Murray and most of its tributaries originate in the Great Dividing Range
along the eastern border of the basin (MDBA, 2010). These mountains are of modest height, and the
River Murray and its most important tributaries, the Murrumbidgee River and the Goulburn River,
follow a low gradient for most of their length as they flow across extensive plains. Approximately
2,375 km in length, the River Murray drains the southern basin in New South Wales and northern
Victoria (CSIRO, 2008). The Darling River, stretching approximately 1,472 km, drains the northern
basin, including portions of Queensland and New South Wales, before joining the River Murray
upstream of the town of Wentworth. The river system eventually enters South Australia at the Lower
Lakes and flows into the ocean through the Murray Mouth.

The basin’s natural rainfall pattern is highly variable (see Figure 6). Across the basin, average annual
rainfall from 1895 to 2006 was 457 millimeters or just over 500,000 GL (MDBA, 2010). There is a
strong decreasing east–west rainfall gradient, and the northern and southern parts of the basin also dis-
play markedly different seasonal patterns (MDBA, 2010). The northern basin experiences intense and
sporadic summer-dominated rainfall; winter-dominated rainfall prevails in the south. Due to variations
in rainfall across different parts of the basin, runoff also varies geographically. As a result of evaporation
and transpiration, however, only a small percentage of rainfall ends up as water in surface-water streams
and underground aquifers. Around 6 percent – about 31,800 GL – becomes inflow to the basin’s surface
water streams (see Figure 7) (MDBA, 2010). (On average, an additional 997 GL per year is transferred
into the basin from external sources (MDBA, 2010), comprising transfers into the Murray and Murrum-
bidgee rivers from the Snowy Mountains Hydro-electric Scheme, and transfers into the Wimmera region
from the Glenelg River.) Around 5 percent of rainfall, or 26,500 GL, finds its way into the groundwater
system as groundwater recharge.

During the Millennium Drought, between 1999 and 2009, water availability in the basin was approxi-
mately 40 percent lower than the long-term average, making it the driest 10-year period in the past 114
years (MDBA, 2010). Australian climate scientists have described the Millennium Drought as an event
that would occur once every 300 years without climate change, but they predict that such conditions will
become increasingly common (see Figure 8) (CSIRO, 2008). Climate change models for the coming
decades project an increasing risk of below average rainfall and greater intensity in short duration
storms across the basin. In particular, the work of the South Eastern Australian Climate Initiative
(SEACI) demonstrates that the intensity of the subtropical high pressure ridge is increasing with
global warming leading to decreasing cool season rainfall. Given the high rate of evaporation, climate
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models projecting to the year 2030 estimate an average surface water decline of 9 percent in the northern
basin and 13 percent in the southern basin.

Environment and biodiversity. The natural environment of the basin includes vast floodplains at the
heart of a system of more than 30,000 wetlands that support biodiversity of international significance
(MDBA, 2010). The basin has one World Heritage site and 16 wetlands listed under the Ramsar Con-
vention; it is also home to around 45 species of native fish, 35 endangered species of birds, and 16
endangered species of mammals. The biota has evolved to depend on the variable nature of the river
flows for their survival. For example, several tree species, such as the iconic river red gum, rely on per-
iodic flooding of the soil to establish healthy seedling growth (Rogers & Ralph, 2010). Wetland birds
similarly rely on the drought-flood cycle to create nutrients for them to feed on during breeding seasons
(Rogers & Ralph, 2010).

Diversion of water for irrigation threatens the survival of these environmental assets, and the wetland
forests are in danger of losing their ability to sustain the region’s native wildlife (Sattler & Creighton,

Fig. 6. Distribution of rainfall in the Murray–Darling Basin. Source: MDBA (2010).
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Fig. 7. River Murray system average annual inflows (1891–2011). Source: MDBA (2011b).

Fig. 8. River natural availability and projected availability under climate change. Source: CSIRO (2010).
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2002). The storage and delivery of water for irrigation has already changed the traditional flooding pat-
terns on which the biodiversity in the Murray–Darling region depends. At least 90 percent of the Gwydir
Wetlands, 75 percent of the wetlands of the Lower Murrumbidgee floodplain, and 40 to 50 percent of
the Macquarie Marshes have been lost (MDBA, 2010). Eighty percent of remaining river red gums on
the River Murray floodplain in South Australia are stressed to some degree. Native fish populations have
also suffered damage, and their ability to resist alien species has been weakened. Changing flow patterns
and degraded riparian zones in turn increase bank erosion, turbidity, and sedimentation, filling pools and
smothering habitat.

Human activity in the basin. Known as Australia’s ‘food basket,’ the Murray–Darling Basin is
Australia’s most important agricultural region, producing one-third of the national food supply
(MDBA, 2010). Of the more than two million people who live in the region, approximately 10 percent
are employed in an agriculture-related business, compared to 3 percent nationwide. Retail, health and
community services, government administration, defense, and manufacturing comprise the other indus-
tries in the basin. Another 1.3 million people outside the basin, including the population of Adelaide,
South Australia’s largest city, are also fully or partly reliant on it for their consumptive water supply.

Nationally, the Murray–Darling Basin accounts for more than 40 percent of the gross value of all
Australian agriculture and produces wool, cotton, wheat, sheep, cattle, dairy products, rice, oilseeds,
wine, fruit, and vegetables for domestic and overseas markets (MDBA, 2010). Farming, forestry and
pastoral industries cover nearly 80 percent of the land in the basin, which also generates 3 percent of
Australia’s electricity and 33 percent of its hydroelectricity.

From 2001 to 2006, basin population growth was half that of Australia’s urban centers and the basin
has a more pronounced trend of aging as compared to the Australian population generally (MDBA,
2010). The basin has a particularly low population in the age range between 25 and 34. During the
same period, basin employment in the agricultural sector declined 11.9 percent, a loss of an estimated
13,000 jobs.

Hydrology. Although the basin has just recently emerged from a decade of low water as a result of the
Millennium Drought, it is characterized less by dryness than by variability in its river flows. Addition-
ally, since runoff is small in proportion to rainfall, modest changes in precipitation have larger
proportional effects than changes in runoff. Annual variations from maximum to minimum flows in
Australia overall range from 300:1 to 1000:1 (MacDonald & Young, 2001). Extremes of 10,000:1
have been reported for the Darling River.

In an average year, of the 32,800 GL of water in total inflows, approximately 19,100 GL (about 58
percent) remain in the environment, including losses such as evaporation. About 13,700 GL (about 42
percent) are extracted for consumption. A long-term average of 5,100 GL of environmental water flows
out of the Murray Mouth, some 41 percent of the average outflows before development.

Irrigated agriculture accounts for more than 80 percent of the total consumptive water extractions
(MDBA, 2010). Household use and the mining and manufacturing industries account for 2 percent
and 1 percent, respectively. The remaining 13 percent is consumed by transmission losses (see Figure 9).

Salinity is arguably the best-known threat to water quality in the basin: the region has a high predis-
position towards salinity because of natural and anthropogenic, irrigation-induced factors (MDBC,
2012). Salt is naturally stored in the landscape as a result of both residual salt from former marine
environments and salt imported in rainfall over millennia. The effects of these natural processes have
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been exacerbated by irrigation-induced salinization. The removal of deep-rooted native vegetation and
its replacement largely by shallow-rooted annual crops and pasture has resulted in a significant reduction
in water use and increased quantities of runoff flowing into the groundwater. As the ground waters rise,
naturally occurring salts are dissolved and brought toward the surface by rising water tables.

Additionally, high-nutrient and suspended-solids loads are widespread stressors on the environmental
health of the entire Murray–Darling Basin and, during periods of low flow, create frequent, highly toxic
algal blooms (MDBA, 2010). Water quality problems also include acid drainage from sulphidic sedi-
ments exposed to oxygen, and black water caused by the disruption of carbon movements by river
regulation and changing patterns of flooding the flood plain.

The infrastructure

The River Murray system. Beginning in the early twentieth century, governments and private individ-
uals constructed water storage infrastructure across the basin to mitigate the high natural inter-annual
flow variability of its river systems and to provide a secure water supply for the developing nation
(MDBA, 2010). Today the Murray–Darling Basin is the most heavily regulated river basin in Australia,
with 24 of its 26 major rivers regulated by dams and weirs (MDBA, 2010). The major storage infrastruc-
ture combines to provide the basin with a storage capacity of 22,663 GL (see Figure 10). Most of the
largest storage facilities exist in the southern connected system and eastern ranges where high annual
rainfall, cooler temperatures, and topography provide conditions suitable for locating such massive
and efficient structures. In contrast, the storage capacity in the northern basin is dominated by large-
scale, private on-farm storages on the flood plains that capture highly variable, monsoonal floodwaters
for irrigation.

The River Murray system, the section of the basin under the management of the MDBA (the Southern
Connected Basin), consists of two major upstream dams, Dartmouth and Hume, the Lake Victoria

Fig. 9. Water use by sector; shares between diversions. Source: MDBA (2010).
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storage down stream, and weirs and locks, and five barrages near the mouth of the Murray (see
Figure 11) (MDBC, 2012). Dartmouth Dam in northeast Victoria, as the largest storage in the system
(44 percent of the total capacity), primarily replenishes Hume Dam and provides water to New South
Wales and Victoria (MDBC, 2012). The multipurpose Hume Dam conserves water in wet periods,
releases water to meet downstream demand, helps supply entitlement flows to South Australia, mitigates

Fig. 10. River Murray system storage capacity. Source: MDBC (2008a, b, c, d).

Fig. 11. River Murray infrastructure system. Source: Jacobs (2012).
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floods, and generates hydroelectricity. As noted above, the basin’s flat topography results in slow-flow-
ing water, a significant complication in operating the river system. It takes 25 days for water to flow
through the Yarrawonga Weir and reach Lake Victoria, in western New South Wales (MDBC,
2012). Although technically outside the basin, the lake stores surplus water from the River Murray
and the Menindee Lakes to secure a uniform water supply to South Australia. After collecting water
from the Darling River, Menindee Lakes mainly release water for irrigation (MDBC, 2012). At the
Murray Mouth, an extensive set of barrages keeps seawater from entering the river system.

The Mountains Scheme. The Snowy Mountains Scheme is the largest hydroelectric scheme in Austra-
lia. It diverts the reliable waters of the south-flowing Snowy River westwards, beneath the Great
Dividing Range, and in doing so provides electric power and additional water for the Murray and
Murrumbidgee Rivers, to be used for irrigation. The scheme has two principal parts: the Snowy-
Tumut Development (which diverts water to the Murrumbidgee River) and the Snowy–Murray
Development (which diverts water to the River Murray); it consists of 16 dams, seven power stations,
225 km of tunnels, and one pump station (Snowy Hydro, 2012). (The seven power stations can produce
an average of 4,500 gigawatt-hours of clean electricity annually.) Inter-basin transfer from Snowy
Mountains Hydro-electric Scheme contributes an additional 10 percent of the average annual flow of
the River Murray at Albury under natural conditions. The Snowy Mountains Scheme is operated and
maintained by the Snowy Hydro Limited following corporatization of the Snowy Mountains
Scheme in 1997, and operated under an intergovernmental agreement among the Commonwealth,
New South Wales, and Victoria in 1958 (Snowy Hydro, 2012).

The institutions

According Kildea & Williams (2010), ‘The management of water today takes place within a political,
institutional, and constitutional framework that would be unrecognizable to Australians living in the
early 20th century.’ Indeed, the institutional history of the basin reflects a slow reversal of the initial
constitutional arrangement that left water management in the hands of the states and parallels a general
shift in political power from the states to the Commonwealth over the first century of Australian feder-
alism. In the water management field, each step toward centralization has been marked by a ‘tension
between the need for better coordination, and the requirement to preserve state autonomy’ (Connell,
2007). Nevertheless, two critical periods of reform bookend the twentieth-century history of institutional
arrangements in the basin. As basin scholars Daniel Connell & R. Quentin Grafton (2011) recently
noted, ‘These current water reforms, however, have their parallels to reform in the early twentieth cen-
tury. Both processes originated with severe droughts that compromised existing governance structures
and arose from a rare willingness by states to cooperate to deal with a crisis of drought and/or overuse
that could not be resolved without collective action.’

Constitutional framework – state plenary legislative power. In Australia, the management of water
resources and the environment has traditionally been the responsibility of the states. The delegates
who drafted the Australian Constitution in the 1890s unanimously rejected a proposal to give the Com-
monwealth express legislative power over natural resources and the environment (Clark, 1971b). Those
from upper riparian states in particular insisted that water conservation and irrigation remain within state
control after Federation.
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Thus, the state parliaments enjoy plenary legislative power to make laws about any topic pertaining to
natural resources and the environment (Gardner et al., 2009). The reach of state jurisdiction extends to a
variety of matters connected with water, including land use, agriculture, forestry, town planning, and
flood plains (Twomey, 2007). Upon Federation, the states also inherited the title to all land formerly
held by the British Imperial Crown, and that benefit allowed them to control access to natural resources.
From the end of the nineteenth century, the states have enacted water-resources legislation, gradually
curtailing common-law rights to water resources and requiring all major water-access rights to be
held under a direct authorization. In the past 20 years, these early entitlement regimes have been signifi-
cantly reformed to create the current water-access entitlement regimes.

Commonwealth legislation is valid only if it pertains to one of the specific areas of legislative power
conferred by the Australian Constitution. None of these designated ‘heads of power’ covers water regu-
lation or any natural resources directly, except for fisheries in Australian waters beyond territorial limits
(s51(�)). Section 100 explicitly prohibits ‘any law or regulation of trade or commerce, abridg[ing] the
right of a State or of the residents therein to the reasonable use of the waters of rivers for conservation or
irrigation.’ However, the Commonwealth does have power under section 51 to make laws with respect
to interstate and overseas trade and commerce; foreign, trading, and financial corporations; and external
affairs. The Commonwealth may also indirectly regulate water resources through its taxation regime
(s51(ii)) and its financial powers to make grants to the states on any conditions the Parliament thinks
fit (s96). The Commonwealth Parliament also has the power to exercise legislative powers referred to
it by a state parliament (s51(xxxvii)).

Cooperative federalism – River Murray Waters and Murray–Darling Basin Agreements. Given the
initial constitutional landscape, states relied on intergovernmental agreements outside the bounds of
the constitutional framework to address transboundary issues in water management for the first several
decades of the twentieth century. As described above, the RMWA’ established an agreement between
the parties on water sharing to help ensure security of supply, as well as an arrangement for sharing costs
associated with maintenance and the building of infrastructure such as storage, weirs and locks. It also
established the River Murray Commission to oversee its implementation. Negotiated by the Common-
wealth, New South Wales, South Australia, and Victoria, the agreement was implemented by legislation
in each jurisdiction in 1915 (Clark, 1971b).

Although a significant development, ‘the various governments which conceived the Commission
were not breeding a Frankenstein monster … The Commission’s nominal powers are few, and those
which it chooses to exercise are even fewer’ (Clark, 1971b). The Commonwealth chaired the commis-
sion and the other members were senior officials in state water agencies, but they had a support staff of
only four people. The Commission was confined in its scope to ensuring the flow of water in the main
course of the River Murray, accepting state reporting of flow and diversion data, and leaving the design
and execution of infrastructure works in the hands of the states. Writing in 1971, Clark noted that the
Commission up to that point had been effective due only to the fortunate cooperation of its member
states. State laws continued to regulate almost all aspects of water management and the Commission
had no authority to resolve conflicts between them. In the face of increasing water demands, Clark
doubted that the commission had the powers necessary to enforce sharing provisions in times of
shortage.

These concerns about the ability of the River Murray Commission to affect basin-wide management
strategies, particularly with respect to the threat of salinity, generally proved true, and the
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Commonwealth, New South Wales, Victoria, and South Australia formed the Murray–Darling Basin
Commission in 1987 and passed the corresponding agreement through their parliaments in 1988
(Queensland and the ACT became parties to the Agreement in 1996 and 1998, respectively). Later
amended in 1992, this Agreement ‘established the cooperative and institutional basis for managing
the quantity and quality of water resources in the whole catchment, the authorization for the construc-
tion, operation, and maintenance of works, and the sharing of waters between the states, including water
accounting’ (Gardner et al., 2009). The agreement created three major bodies: (1) the Murray–Darling
Basin Ministerial Council (MDBMC), which included water ministers from each of the states and the
Commonwealth responsible for decision-making; (2) the Murray–Darling Basin Commission
(MDBC), comprised of one independent president and two commissioners from the Commonwealth
and each of the states to advise the MDBMC and carry out its decisions; and (3) the Community Advi-
sory Committee, which would also directly advise the MDBMC and allow for communication between
the MDBMC and the community (see Figure 12).

The primary functions of the MDBMC were ‘to consider and determine major policy issues of
common interest to the contracting governments concerning effective planning and management for
the equitable and efficient sustainable use of water, land, and other environmental resources of the
Murray–Darling Basin; and to develop, consider and, where appropriate, to authorize measures for
the equitable, efficient, and sustainable use of such water, land, and other environmental resources’
(Murray-Darling Basin Agreement, 1992). The MDBMC had the power to make decisions for the

Fig. 12. Murray–Darling Basin institutional structure (1992–2008). Source: MDBC (2008a, b, c, d).
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basin as a whole if the ministers reached unanimous agreement. Decisions made by the MDBMC rep-
resented a consensus in government policy across the region. States were then required to implement
MDBMC decisions through state legislation.

In addition to advising on and implementing any MDBMC policy decisions, the MDBC was respon-
sible (and MDBA remains responsible today) for managing and distributing the water resources of the
River Murray system in accordance with the Murray–Darling Basin Agreement. The MDBC was
responsible for delivering water from five major storages, operating salinity mitigation schemes, and
maintaining the rivers structures. In particular, the MDBC, working in cooperation with state authorities,
met state water requirements along the Murray by: (1) storing water in the wetter winter/spring months
and later releasing it during the drier summer/autumn months to meet supply requirements; (2) making
releases from the storage farthest downstream first, to minimize losses due to spill; (3) making timely
releases from major sources to accurately match water supply with demand, with close attention paid to
the time it takes for flow to travel along the River Murray; (4) using a network of flow-gauging stations
along the Murray and its tributaries to continuously monitor river flows, and (5) utilizing mid-river
storages to re-regulate flows if supplies do not exactly match demand.

In 1998, the MDBMC established River Murray Water as an internal business division of the MDBC
for the specific purpose of operating and managing aspects of the River Murray system (MacDonald &
Young, 2001). Its establishment provided a clear distinction between the service-delivery functions of
the MDBC and its resource-management and policy-setting functions. In addition, the creation of River
Murray Water reflected COAG’s emphasis at the time on more business-driven governance
arrangements.

Fiscal federalism – 1994 and 2004 COAG Intergovernmental Agreements. The seeds of alteration to
the original constitutional settlement were also sown in a line of cases from the High Court of Australia
broadly construing Commonwealth power. First, in 1926, the High Court interpreted section 96 of the
Australian Constitution to allow conditional grants on subjects unrelated to the Commonwealth’s legis-
lative powers, making this power one of the primary means by which the Commonwealth could
influence or mandate policy in areas outside its enumerated authority (Victoria v Commonwealth,
1926). Second, the High Court adopted an expansive approach to the interpretation of Commonwealth
legislative powers in the Engineers’ Case (Amalgamated Society of Engineers v Adelaide Steamship Co
Ltd, 1920). That decision established that the text of each Commonwealth legislative power was to be
read in a full and plenary fashion, without regard to its impact upon state jurisdiction. Finally, the full
scope of this legislative power was established in Tasmanian Dam Case, in which a majority of the High
Court accepted that any international treaty or convention obligation to which Australia is a party, what-
ever its subject matter, constitutes an external affair (Commonwealth v Tasmania, 1983). The
implementing legislation must give effect to the convention in such a manner as to be reasonably
capable of being considered appropriate and adapted to the achievement of the convention’s purpose
or object (R v Tang, 2009). The court’s broad readings of this and other Commonwealth heads of leg-
islative power further altered the original constitutional settlement on water by greatly expanding the
capacity of the federal government to act on matters that, at the time of Federation, were thought to
be the sole concern of the states.

In response, the Commonwealth instituted a consultative process in relation to treaty adoption and
implementation between the Commonwealth and states, and it began more aggressive financial incen-
tives for the states to enact reforms in areas outside the Commonwealth’s enumerated legislative powers.
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Recent examples include the negotiation of the 1994 COAG reforms, the 2000 National Action Plan on
Salinity and Drainage, and the 2004 NWI (McKay, 2008).

Federal authority over state water management – Water Act 2007. After failing to get a referral of
state powers, the Commonwealth relied on its expanded legislative powers as the legal authority for
the Water Act. The key features of the act are: (1) the creation of the Murray–Darling Basin Authority
(‘MDBA’) with the functions and powers, including enforcement powers, needed to ensure that basin
water resources are managed in an integrated and sustainable way; (2) the requirement that the MDBA
prepare a Basin Plan for the integrated and sustainable management of water resources in the basin; and
(3) the establishment of a Commonwealth Environmental Water Holder (CEWH) to manage the Com-
monwealth’s environmental water to protect and restore the environmental assets of the Murray–Darling
Basin (DSEWPaC, 2012).

The Murray–Darling Basin Authority (‘MDBA’) is a statutory agency established to work with the
Basin states to manage the basin’s water resources in the national interest. For the first time in Austra-
lia’s history, a single agency is responsible for – and has the power to control – the management of both
surface water and groundwater across the basin (see Figure 13). The MDBA, which began operations in
September 2008, consists of six members supported by a staff of approximately 300 people in Canberra.
The Ministerial Council, the Basin Officials Committee, and the Basin Community Committee play
important roles in providing advice and making high-level decisions relating to the functions of the
MDBA, but under the new structure, ultimate decision-making authority rests with the MDBA and
the Commonwealth Minister. More specifically, the MDBA is responsible for: preparing the Basin
Plan and future amendments to the Basin Plan for adoption by the Commonwealth Water Minister;
implementing and enforcing the Basin Plan; advising the minister on the accreditation of state water
resource plans; operating the River Murray system and delivering water to users; managing The
Living Murray program; developing a water-rights information service which facilitates trading
across the basin; measuring and monitoring water resources in the basin; engaging and educating the
Australian community about the basin’s water resources.

Most significant is the Water Act’s requirement that the MDBA prepare a Basin Plan that will provide
for the long-term integrated management of the basin’s water resources. The Basin Plan is required to:
set long-term average SDLs that reflect an environmentally sustainable level of take for the basin’s sur-
face-water and groundwater resources; set temporary diversion provisions; specify the method for
determining compliance with SDLs; include an Environmental Watering Plan and a Water Quality
and Salinity Management Plan; specify accreditation requirements for water-resource plans, and specify
water-trading rules, a program for monitoring and evaluating the effectiveness of the Basin Plan, and
various matters in relation to providing for critical human water needs; and to identify the Common-
wealth’s share of risks arising from changes to the volume or reliability of water allocations.

The most controversial and difficult aspect of the Basin Plan is determining the proper balance
between environmental objectives and economic and social factors in setting the SDLs. Determining
this statutorily mandated balance requires an interpretation of the objectives of the Water Act. Although
the act (including the 2008 amendments) was enacted in reliance on a number of Commonwealth leg-
islative powers, including the referral clause under section 51(xxxvii) of the Constitution, Parliament
placed a special reliance on the external-affairs power in providing for the Basin Plan to give effect
to ‘relevant international agreements.’ As a result, the primacy of the role of international agreements
figures in both the objects of the act and the purposes driving the basin-planning process. As set out
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in section 3 of the Water Act, the objectives of the act are: (a) to enable the Commonwealth, in conjunc-
tion with the Basin states, to manage the basin water resources in the national interest; (b) to give effect
to relevant international agreements (to the extent to which those agreements are relevant to the use and
management of the basin water resources) and, in particular, to provide for special measures, in

Fig. 13. Murray–Darling Basin institutional structure and governance (2008–Present). Source: MDBA (2012a, b).
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accordance with those agreements, to address the threats to the basin water resources; and (c) in giving
effect to those agreements, to promote the use and management of the basin water resources in a way
that optimises economic, social and environmental outcomes.

The broad purposes of the Basin Plan as set out in the act are expressed in similar terms. Section 21(4)
confirms the relevance of social and economic factors to the Plan, but its opening words [‘subject to
subsections (1), (2), and (3)’] clarify that these factors must be read against the overarching obligation
to give effect to international agreements. Advice to the then Water Minister Tony Burke prepared by
the Australian Government Solicitor (AGS) was consistent with this construction, confirming that ‘[t]he
overarching objective of the Act and the Plan is to give effect to relevant international agreements’
(AGS, 2010).

However, the AGS also found that both the Convention on Biological Diversity and the Ramsar Con-
vention on Wetlands appear to frame their environmental obligations in ways that permit consideration
of social and economic factors. Kildea & Williams (2010) conclude that the Basin Plan must implement
the relevant international conventions, taking into account social and economic factors that are related to
meeting the core environmental objectives. They argue that only after the threshold of compliance with
international conventions has been met can social and economic factors be taken into account to the
maximum remaining extent possible. Whether or not there is legal consensus on the proper interpret-
ation of the act, however, the translation of this legal terminology into actual policy setting in the
Basin Plan remains a highly contentious issue.

Current challenges facing policymakers in the basin

As in the past, today’s basin policymakers face the challenge of using the Murray–Darling’s enor-
mously variable water resources to create sustainable wealth for the Australian people. The challenge
is even greater now because economic demands must be reconciled with a new emphasis on environ-
mental sustainability, particularly the continuing survival of the basin’s environmental assets. There are
three main sets of questions for the future: (1) the politically acceptable balance of competing needs
between environmental and economic uses for water in the basin; (2) the appropriate allocation of
responsibility between federal and state entities for management of the basin; and (3) the best way to
deliver the desired environmental outcomes, given the significant amounts of water that may ultimately
be allocated to that purpose.

Determining SDLs and the future of regional Australia

As described above, the Water Act requires the MDBA to include in its Basin Plan long-term average
SDLs for the basin water resources as a whole and for the water resources of each water-resource-plan
area. Section 23 of the Water Act requires that SDLs ‘reflect an environmentally sustainable level of
take.’ The act defines this phrase as the level at which water can be taken from a water resource without
compromising key environmental assets, key ecosystem functions, key environmental outcomes, or the
productive base of the water resource. However, the act fails to define these key commitments for the
MDBA.

Against this legal framework, the MDBA has observed the following process, as described in the
Guide to the Proposed Basin Plan, to develop the proposed SDLs (MDBA, 2010). It has: established
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a range for the amount of water needed for the environment, based on the best available science; con-
sidered the social and economic effects of providing additional water to the environment within that
range, to meet its statutory requirement to optimize economic, social, and environmental outcomes; con-
sidered scenarios for establishing surface-water and groundwater long-term average SDLs and how they
will balance the environmental water requirements with the potential social and economic impacts, and
examined the social and economic effects of the SDL proposals.

The analysis undertaken for the Guide to the Proposed Basin Plan indicated that the amount of
additional surface water needed for the environment was between 3,000 GL per year and 7,600 GL
per year (MDBA, 2010). Considering the current average volume of water provided to the environment
of about 19,100 GL per year, this range of additional water would mean that the long-term average
volume of water provided to the environment would be between 22,100 and 26,700 GL per year.
That number has since been revised downward in the more recent Draft Basin Plan. The MDBA
now estimates the long-term average SDL for all surface water to be 10,873 GL per year (MDBA,
2010). This reflects a reduction of 2,750 GL per year from current diversion levels. The MDBA esti-
mated that, as of September 2011, approximately 1,250 GL per year had been recovered for the
environment, leaving a further 1,500 GL per year to be recovered.

The MDBA’s process has been heavily criticized as a ‘top-down “experts know best” approach to resol-
ving environmental damage’ that failed across the board to engage relevant stakeholders – environmentalists,
irrigators, scientists, and politicians (Jones&Milligan, 2011). Basin state officials expressed concern that the
MDBA did not sufficiently engage local experts in the hydrological modeling done for preparation of the
Guide (Standing Committee, 2011). Accusing the MDBA of making ‘fundamental mistakes’ in the com-
munications around the release of the Guide, members of the irrigation community felt that the MDBA’s
communication strategy failed to allow for discussions with basin communities about how to achieve a
healthy, prosperous basin, and instead provoked ‘despair, anger, and anxiety as communities reacted to
what they felt was an attack on their livelihoods’ (Standing Committee, 2011). Professors John Langford
and John Briscoe (see Jones &Milligan (2011)) have argued that ‘unless regional communities have mean-
ingful input into determining environmental outcomes, and a scientific consensus on environmental
consequences is achieved, efforts to rebalance water shares will ultimately fail.’
Although criticism was likely regardless of the MDBA’s approach, the proposed SDLs faced and con-

tinue to face heated opposition from both the irrigation and environmental community in the basin.
In particular, irrigators have voiced full-throated concerns about the negative impact that reduced SDLs

will have on their economic livelihoods and their communities. Irrigation communities are concerned that
even though individual farmers may be compensated for their property through the voluntary sale of water
rights, a generalized flight from rural communities will destroy other economic activities such as retail and
service industries (Miller, 2011). Estimates by the Commonwealth suggest a less dramatic impact, finding
that under a Basin Plan that returns 3,000 GL of water per year to the environment, the basin’s gross
regional product would decline only 1.1 percent (Pittock & Connell, 2010), but inquiries like the 2011
Windsor Report (from the Commonwealth’s House Committee on Regional Australia) have expressed
a strong need for the Basin Plan to ensure that rural communities remain resilient and vibrant places to
live (Standing Committee, 2011).Many irrigators felt that the proposed SDLs in theGuide to the Proposed
Basin Plan failed to consider the water already returned to the environment in recent years and more fun-
damentally failed to make the case for the need for reduced diversions (Standing Committee, 2011).

Environmental groups assert that the SDLs (especially after the revision in the Draft Basin Plan) do
not meet the legally required environmental objectives and that compromises based on socioeconomic
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concerns are contrary to both the intent and the letter of the Water Act (Pittock, 2011; Environmental
Defenders Office, 2012). Environmental groups have cited a report by the Commonwealth Scientific
and Industrial Research Organization, Australia’s national science agency, stating that ‘the proposed
SDLs would be highly unlikely to meet specified ecological targets even in the absence of future climate
change’ (CSIRO, 2011). Environmental groups acknowledge that the Commonwealth has the power to
put in place regional transitional support to address negative socioeconomic impacts, but they insist that
adjusting the SDLs is not one of the options provided by the Water Act.

The conflict between these two viewpoints is best illustrated by the debate over two issues that will
significantly affect the level at which the final SDLs are set: (1) the proper mix of buybacks versus infra-
structure upgrades in recovering environmental water and (2) the potential importance of environmental
works and measures. Resolution of these questions is not just about water, but also about the vision of
‘regional Australia’ and the vision of irrigated agriculture in the economic future of Australia.

Buybacks versus infrastructure upgrades. The issue of socioeconomic considerations versus environ-
mental needs has found public expression primarily in the debate over the Commonwealth
government’s approach to acquiring water for the environment. The two primary approaches currently
proposed are water buybacks through water trading and subsidized investment in water-saving infrastruc-
ture. Water purchased by the Commonwealth will be managed for the benefit of the environment by the
CEWH. With infrastructure investments, a portion of the water savings generated by the work will go to
the government. In both cases, the recovered water will be used tominimize the gap between current diver-
sions and the new SDLs. Perhaps unsurprisingly, economists and environmentalists advocate an approach
based primarily on buybacks, while the agricultural community favors infrastructure investment.

The appeal of the first approach is that it will likely be cheaper and is more easily measured (Grafton,
2010). But if buybacks are not structured in a coordinated fashion, they may result in a ‘Swiss cheese
effect’ in which remaining pockets of irrigators are saddled with the cost of maintaining irrigation districts
historically supported by a much greater number of farmers. (For an evaluation of the expected magnitude
of this effect, see Productivity Commission (2010).) The Windsor Inquiry also heard testimony that some
sellers were not ‘willing’ but ‘stressed,’ with payments for water rights going primarily for debt relief,
because of the significant pressures already facing irrigators as a result of the prolonged drought and con-
stantly changing water-policy arena (Standing Committee, 2011). For these reasons, the inquiry report
recommended that the Commonwealth government cease all nonstrategic buybacks of water.

The infrastructure investment approach, on the other hand, is less likely to generate disruption within
regional communities. The implicit subsidies in such investments can be viewed as transition assistance
for regional communities. Professors Jamie Pittock and Daniel Connell note that ‘[p]rivately, senior
government officials describe expenditure on infrastructure efficiency as the price required to buy com-
pliance from the irrigation sector and state governments for reform of Basin management’ (Pittock &
Connell, 2010).

The economic and environmental communities, however, have harshly criticized this approach as an
inefficient political transfer payment and have urged the government to redirect its $5.8 billion allocation
for water infrastructure renewal to better measures for implementing the Basin Plan. According to Pittock
& Connell (2010), ‘critics argue that too much funding – $5.8 billion – has been allocated to improving
efficiency of water use, and that these programmes are uncertain and inefficient in returning water to the
environment, more expensive than outright purchase of entitlements (for which just $3.1 billion is allo-
cated), unfairly subsidize some irrigators over others, and invest in infrastructure that may be
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“stranded” by further climate change and Basin reform.’ Pittock has also expressed concerns about an
‘efficiency trap’ in which infrastructure investments save water for agriculture that would previously
have been ‘lost’ to the environment as a result of infrastructure inefficiencies (Pittock, 2011). Pittock
notes as well that ‘government subsidies for irrigation infrastructure are in breach of the 1994 Council
of Australian Government micro-economic reform settlement that upgraded the formerly government
operated schemes, corporatized their management, and gave irrigators a windfall by monetizing their
water entitlements so that in future they would be economically independent’ (Pittock, 2011).

Pittock and Connell note that governments have accepted many of these criticisms, but have struggled
to deal with the demands of politically powerful irrigation communities, ‘still widely seen as pioneering
communities attempting to populate inland Australia and make the desert bloom’ (Pittock & Connell,
2010).

Environmental works and measures. In order to reduce the amount of water required to achieve par-
ticular environmental outcomes, the MDBA has also proposed relying more on environmental works
and measures – small-scale engineering projects that distribute smaller volumes of environmental
water directly to environmental sites. A number of efforts under development have the potential to deli-
ver environmental water requirements more efficiently – for example, by installing gates to flood
particular wetlands (obviating the need to achieve overbank flows) or installing levees to restrict flood-
ing events to particular wetland areas (MDBA, 2010). The Commonwealth and Basin state governments
have indicated a willingness to explore such opportunities for environmental works and measures to
offset environmental water requirements, thereby increasing SDLs. For example, the Australian govern-
ment’s infrastructure scheme at the Menindee Lakes could enable an increase in the SDLs through
evaporative savings and better environmental management of the Menindee scheme.

These proposals, however, have come under significant attack from environmentalists, who consider
them risky for several reasons. First, these engineering projects have the potential to fragment the riv-
erine environment with levees, channels, and weirs, blocking fish passages and drying out isolated
pockets of wetland (Pittock, 2011). As a secondary effect, opponents assert, a Basin Plan that is heavily
reliant on environmental works leaves less room for error when ‘state governments have demonstrated
that, in tough times, they will revoke agreements and reallocate environmental water for consumption’
(Pittock, 2011). Pittock has expressed concerned that environmental works may establish a ‘path depen-
dency’ whereby too little water is allocated to the environment to flood the remaining areas – in breach
of the Ramsar Convention.

More generally, these two issues raise the question of what role, if any, governments should play in
aiding regional communities transitioning to a world of increasing water scarcity. The MDBA admits
there is an urgent need to undertake a comprehensive assessment of the social and economic impacts
of the Basin Plan at a community and industry level (MDBA, 2010). That includes examining existing
community-assistance packages to help create, potentially, new industries and employment opportunities
and existing industry packages to help industries increase their water efficiency or shift to higher-value
forms of production. Accordingly, the Department of Regional Australia is currently developing a plan
for economic diversification in rural areas, including promoting industries such as tourism and fishing
that rely on a healthy environment. Eventually, a comprehensive national discussion will be required to
fully determine how much transitional support should be given to rural communities affected by the
Basin Plan and how important it is to maintain rural communities and irrigated agriculture in the basin.
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Rebalancing federal–state relations

The Water Act significantly rearranged planning responsibilities in the basin by creating a dramati-
cally expanded role for the Commonwealth government. Implementation of the Commonwealth’s
vision of the harmonization of environmental and economic interests, however, relies heavily on the
states. As a result, the balance of federal and state relations remains an open question.

The Basin Plan will be put into effect through the four mechanisms: (1) an Environmental Watering
Plan, which will set out how water will be applied to the environment to maximize environmental out-
comes; (2) a water-quality and salinity-management plan; (3) new water-trading rules; and (4) the
accreditation of state water-resource plans that ensure that Basin states implement SDLs and other
water-resource-management arrangements in accordance with the Basin Plan (MDBA, 2010).

Importantly, with respect to the fourth mechanism, theWater Act and Basin Plan do not replace state water
laws or plans; they represent an overarching framework and high-level requirements that the states must then
meet in themanagement of their ownwater resources according to their own legal regimes. In order to comply
with the Water Act, states need to make water-resource plans for each catchment and groundwater system in
the basin. These new water-resource plans will: (1) ensure complete coverage of the basin, using a consistent
set of water-resource and -planning boundaries; (2) encompass a greater range of matters than the current state
water-planning instruments; and (3) provide the mechanism for implementing SDLs for the basin’s water
resources. The MDBA and the Commonwealth Water Minister are required to assess whether existing
state water-resource plans are consistent with the Basin Plan, and new water-resource plans, if needed, will
be accredited during the period from 2012 to 2019 (see Figure 14). To be accredited, water-resource plans
must cover (MDBA, 2010): identification of the water-resource-plan area, incorporation of the SDL for the
water-resource-plan area, sustainable use and management of the water resources within the SDL, regulation
andmanagement of significant interception activities, planning for environmental watering, water-quality and
salinity objectives for the water-resource-plan area, arrangements for trading water rights for the water-
resource-plan area, how risks to the water resources will be addressed, metering and monitoring of the
water resource plan area, models and scientific information on which the water-resource plan is based, and
arrangements for the review and amendment of the water-resource plan.

This approach recognizes the different needs and priorities of the various states and the reality that the
water-management expertise required to implement basin planning is primarily located within state
agencies (Connell & Grafton, 2011). Thus, the ability of the federal government to promote ecologically
sustainable development depends on the effective application of the Basin Plan and its interaction with
state and regional water plans (Connell & Grafton, 2011).

However, as Pittock and Connell note, a system in which the federal government sets high-level policy
implemented by the states has the potential to be undermined by the states (Pittock & Connell, 2010).
States have insisted on substantial concessions to gain their consent to federal government priorities,
for example, the Basin Plan’s grandfathering of existing state water plans until 2019. State agencies
have frequently been captured by powerful irrigation-farming interests who have maximized the opportu-
nities for water diversion, and states have failed to close many legal loopholes in water policy, such as the
lack of regulation of ‘overland flows,’ enabling further water diversion (Pittock & Connell, 2010). In part,
Pittock and Connell argue, this is due to the absence of any sort of independent enforcement mechanism
equivalent to the European Court of Justice’s mandate to enforce the European Union’sWater Framework
Directive (Pittock & Connell, 2010). Structurally, this devolution of powers has lead on occasion to slow
development and weak enforcement of policy, as discussed earlier in this paper.
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On the other hand, several factors militate against the federal government taking on an even greater
role in managing the basin. The first is the location of expertise. Historically, although guidance has
been provided by the MDBA’s predecessors and by the various collaborative decision making
bodies, the physical running of the rivers – managing dams and weirs, opening and closing various
storages, monitoring water use – has been carried out by state and local employees. Moreover, federal
agencies such as the CEWH rely on knowledge located at the local and community level in their
decision-making (CEWH, 2011a). There is little ability for the federal government to take more control
of these delegated management roles, and if such an effort were made, much valuable experience would
likely be lost in the transition.

The second important factor influencing the Commonwealth’s capacity for basin management is the
level of community outreach. Although the MDBA has attempted to improve its community engage-
ment following the controversy surrounding the release of the Guide to the Proposed Basin Plan, its
nature as a federal agency with relatively little permanent local presence hinders its ability to commu-
nicate policy and receive feedback. State institutions, and in particular local catchment authorities, are in
a much better position to serve as conduits of this information, and so any institutional settlement going
forward will likely require their ongoing involvement.

Fig. 14. Basin Plan implementation process. Source: MDBA (2010).
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Third, the transition of the MDBA to a federal agency invites new compliance and reporting require-
ments. In addition, Commonwealth agencies traditionally suffer from a far higher rate of churn among
their staff, often requiring employees to rotate through certain postings, so that subject-area expertise is
rarely developed to the same depth as currently exists within the state agencies (Standing Committee,
2011). The looming skills-shortage problem in water policy is likely to exacerbate this problem (Connell
& Grafton, 2011).

Finally, the extent to which the federal government can take a completely centralized approach to the
trade-offs in the basin is circumscribed by the reality of the politics of the area. The federal and the state
governments form focal points ‘around which contending interests arrange themselves, moving from
one to the other as their members make strategic decisions about alliances and how to best promote
their goals or block those of others’ (Connell, 2007). In practice, Connell argues, ‘decisions are not
made through a top-down process but are the product of complex cycles of interaction in which the par-
ticipants have varying degrees of influence but no single one is dominant.’
The interaction of state and federal responsibilities in the basin remains a difficult issue and will likely

remain so in the foreseeable future. Although the Water Act represented a sizeable shift in the basin’s
planning arrangements, the balance between the Commonwealth and the states in both planning and
implementing policy in the basin remains a key point of debate.

Utilizing environmental water

As described in Part II, most basin infrastructure projects have prioritized agricultural and economic
development as well as the security of domestic water supply in their design. This emphasis led to the
allocation of resources in the various states without consideration for how much stress the basin could
handle while still operating as a healthy river. John Langford and John Briscoe (see Jones & Milligan
(2011)) note, ‘By over-allocating water in the Murray–Darling Basin, Australian governments have
restricted options available to environmental managers who need access to a flow entitlement to main-
tain important ecosystem functions.’

In an effort to resuscitate ecosystems that rely on the natural variability of flows without undoing the
highly engineered river system, Australian policymakers have again turned to engineering. One way to
create variable flows of water for the environment is through the use of ‘held’ environmental water,
which is owned by an environmental agency and used to ‘water’ important environmental assets.
This arrangement and its execution in the market may solve part of the balancing problem between
economic and environmental needs. Held environmental water is particularly important considering
the current water-share rules governing the acquisition of consumptive water. If the Australian govern-
ment had chosen to return water to the environment by lowering the overall cap and letting more water
run freely during times of extreme drought, the returned water would once again enter the consumptive
pool (Connell, 2011). By retaining water as a separate entitlement, the share of water given to the
environment each year is permanently protected and therefore is more reliable and stable.

But it remains to be seen whether the existing water-management policies and storage and delivery
infrastructure can serve environmental water purposes. The establishment of a federal environmental
water manager, the CEWH, that will amass large amounts of water, has generated several questions.

Institutional management of environmental water. Created as part of the reforms in the Water Act
2007, the CEWH is an Australian government institution that will purchase, hold, and actively
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manage water entitlements with the end goal of returning water to the environment to restore the health
of the basin (CEWO, 2012). As of February 2012, the federal government had acquired approximately
1,200,000 ML of registered water entitlements and more than 950 GL of water delivered to rivers, wet-
lands, and floodplains of the Murray–Darling Basin (CEWO, 2012). The Environmental Watering Plan,
developed as a part of the Basin Plan, will eventually govern the use of the entitlements held by the
CEWH (CEWO, 2012).

TheCEWH, now locatedwithin theCommonwealth’sDepartment of Sustainability, Environment,Water,
Population and Communities (SEWPAC), is expected to grow in importance during the coming years as the
Basin Plan is implemented. It is already the single largest player in the basin’s water markets, having pur-
chased a large number of entitlements throughout the region (CEWH, 2011b). Some commentators
believe the creation of the CEWH will be the most lasting effect of the Water Act (Connell, 2011). Even
though the Basin Plan’s implementation of SDLs and other policies requires working with and at times con-
ceding to the states, the CEWH is an entirely federal entity separate from state jurisdiction. Thus it has more
autonomous power to shape environmental priorities from a federal perspective than any other element of the
Water Act. Connell argues that the CEWHwill allow the federal government to achieve the level of desired
environmental flow even if the states withdraw their support for the act (Connell, 2011).
The CEWH’s position within the federal government, however, is a source of concern for some.

Although the CEWH will have significant independence from state governments, its autonomy
within the Commonwealth government retains uncertain. Observers have criticized the CEWH’s place-
ment within SEWPAC. In addition to its statutory responsibilities to deliver and manage water the
CEWH is accountable to the government minister running SEWPAC and thus susceptible to political
influences. Apparent distrust of SEWPAC among irrigation communities has also strengthened calls
for the CEWH to become an independent agency (Standing Committee, 2011).

A second issue yet to be resolved is the CEWH’s ability to trade environmental water on the irrigation
water market. It is unclear whether an agency can actively engage in trading environmental water with
irrigators, or if environmental water should become a permanent reserve. The CEWH has stated that its
main objective is to achieve a ‘permanent rebalancing of the system,’ and, therefore, permanent entitle-
ments are more effective than temporary allocations in terms of the type of water products sought by
the federal government (DEWHA, 2010). On the other hand, several studies have examined how expand-
ing the CEWH’s portfolio of water products beyond permanent entitlements could potentially deliver
better environmental results, suggesting the CEWH is currently missing out on potential opportunities
(Scoccimarro & Collins, 2006). The Water Act does allow for some limited trading opportunities:
although environmental water cannot be sold if it is needed to meet the objectives of the Basin Plan,
the objectives of any other regional water plan, or the objectives of other applicable watering schedules,
this means that water unneeded for the environment could potentially be sold, with the proceeds used by
the CEWH to purchase more water in a dangerously dry region. A variety of different water products, both
temporary and permanent, may be more effective at delivering the range of water needs for the large
number of ecosystems in the basin (Productivity Commission, 2010). The CEWH will need to continually
evaluate the decision of how and whether to reintroduce environmental water into the market.

Physical delivery and storage of environmental water. The physical challenges confronting the
CEWH are twofold: delivery and storage. Unlike the water stored for irrigation or domestic consump-
tion, which is released on a schedule during peak irrigation periods, a majority of purchased
environmental water is likely to be stored in Hume Dam and does not have an operation strategy for
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its designed use. When dams store large amounts of environmental water without planned releases, sto-
rage can fill quickly and spillage of excess water may be necessary. This may not be a problem during
peak irrigation season but can be problematic during low-water demand periods and floods. The smaller
storages are also limited in their capacity to hold water until the environment needs it. Careful rules gov-
erning the storage of environmental water from year to year may help to alleviate storage concerns.

Further complexities are added when water managers consider effective environmental water deliv-
ery. Theoretically, the CEWH can now order a delivery of purchased environmental water to a
designated site, and the river operators at the MDBA must implement the request. Nevertheless it
takes time to develop a strategy, for example, to irrigate the various environmental icon sites within
the Living Murray program, given the multiple factors that influence effective delivery, including site
location, amount of water ordered, timing of delivery, and potential influence on private lands surround-
ing the environmental site.

A strategy currently being discussed for effective environmental water delivery proposes releasing an
additional proportion of water during the routine operation schedule. That strategy, however, is likely to
result in artificial flooding on private land along the river as the water moves downstream toward the
targeted environmental asset. This potential flooding is an issue that needs to be addressed by water
managers as well as by legal experts familiar with the relevant property rights system. Artificial flooding
faces strong opposition from farmers who would be adversely affected, and the policy may require
additional government funding to purchase easements over their land. This process has the potential
to become politically charged due to the irrigation community’s significant political influence.

Conclusion

Responsible for water resources overlapping four states, a territory government, a federal government,
many catchment boards, and hundreds of local governments, Murray–Darling Basin policymakers have
struggled to ensure that the basin is able to cope with increasing water scarcity while simultaneously
addressing the economic, environmental, and social needs of all stakeholders. The first century of engin-
eering and institutional attempts to tame the rivers’ variability, bookended by two periods of significant
rebalancing of federal–state relations, suggests a culture of resistance to the basin’s natural variability
and institutional reforms driven by both drought-induced and economic crisis points. Along the way,
Australia has become an acknowledged world leader in the successful application of economic instru-
ments, including entitlements and pricing, to the management of water. But this most recent set of
reforms under the Water Act forced Australia into the highly contentious process of rebalancing
environmental and economic uses of water through the establishment of SDLs. It remains to be seen
whether the new ‘federalized’ governance framework created by the Water Act will be an effective
response to increasing water scarcity.

Looking forward, the basin faces threemain questions: (1) themost appropriatemethods of synthesizing
scientific, political, and cultural inputs in setting long-term average SDLs as required by the Basin Plan; (2)
the proper balance of institutional capacity between states and the federal government for the effective
management of basin resources on a state-level and a Basin-wide strategic level; and (3) the best way
to deliver environmental water in a highly regulated system of constraints originally designed for irriga-
tion. Like all basins, the Murray–Darling Basin is still grappling with the challenge of leveraging a river
system, particularly one with great variability, to create sustainable prosperity for its inhabitants.
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Afterword

Notes from April 2012 Water Federalism Conference at Harvard University

The members of the team that produced this paper are grateful to the attendees of the April 2012
Water Federalism Conference for their positive reaction to the presentation of the paper and the thought-
ful discussion that followed the presentation. Several key lessons for other basins emerged from the
discussion of the historical management of the Murray–Darling Basin and are described below.

1. The importance of communication: Murray–Darling Basin provides a lesson about the importance of
effectively communicating both policy objectives and decision to the broader basin community. First,
communication is critical because without it, basin communities tend to resist reform, and reform can
only be effectively implemented with the support of those communities. Second, effective
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communication of policy toward and receipt of feedback from basin communities is itself a good;
ultimately it is members of the community who will live with the decisions that are made. Confer-
ence attendees generally agreed that the process of developing and publicizing the Guide to the
Proposed Basin Plan had fallen short of this standard of communication, and much of the resistance
that the Guide received in the basin community could have been avoided with a better outreach
effort. In contrast, the more successful (although still controversial) roll out of the Draft Basin
Plan demonstrated that greater community engagement is possible.

2. The merits of consensus: While consensus is slow and the basin suffered from excessively slow
decision making during the Millennium Drought, panelists at the conference generally agreed that
consensus also had sufficient merits. Several members of the panel emphasized that decisions
made by consensus, when they are ultimately reached, tend to result in greater subsequent compli-
ance as opposed to decisions imposed from the top down. Panelists suggested that consensus
decision making was likely to remain the dominant approach to intergovernmental management of
the basin despite a consolidation of actual legal authority over regional management in the hands
of the Commonwealth government.

3. The difficulties of making decisions by science alone: Conference participants also criticized the
overemphasis on science to the exclusion of other disciplines in the MDBA and its authorizing legis-
lation). Although science must play a key role in any basin management plan, many key decisions are
fundamentally political, and as a result, conference participants emphasized the importance of inte-
grating social, economic, and political inputs with scientific data early in the basin planning process.

4. Trust-building through neutral institutions: Although a leader in basin management in many respects
such as water trading, the Murray–Darling Basin can also learn from other basins. For example, in
Brazil’s São Francisco Basin, the establishment of a neutral, technocratic federal agency to produce
scientific data for the region has helped foster agreement among disparate parties because they all
possess a common understanding of the basin’s physical reality. Although the NWC attempts to
serve a role along these lines, no precisely equivalent institution plays this role in the Murray–Darling
Basin. Instead, the scientific work performed internal to the MDBA was hotly contested during con-
sultations with other parties.
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Abstract

The São Francisco River has been, and continues to be, the only major river in arid Northeast Brazil and, as
such, continues to be a major focus for development policy in this poorest part of the country. In a context of
persistent water scarcity and recurring drought, the imperative is to develop a water development and management
framework capable of simultaneously creating a platform for growth, dealing with distributive conflicts and ensur-
ing rational usage. Addressing this challenge has been complicated by the multi-layered institutions of Brazilian
federalism. This paper traces the development of the institutional framework for water management in the São
Francisco Basin, highlighting the role of both local innovation and the pressures of federal centralization. The
single most important policy debate currently affecting the basin is an ambitious inter-basin transfer project
that aims to provide secure water supply to major cities and irrigation projects in neighboring basins. The
paper provides an in-depth analysis of the project, with a special focus on understanding the policy process under-
pinning the project. This analysis anchors the discussion in the difficult dilemmas currently faced by policymakers
and gives some insights into the actual functioning of a complex and sometimes ambiguous institutional set-up.

Keywords: Brazil; Federalism; Institutional innovation; Transposition; Water resource management; Water
scarcity

Introduction to the São Francisco River Basin

Brazil has a vast hydrographic network separated into seven main basins. It is estimated that about
200,000 to 258,000 cubic meters per second (m3 s�1) of water flow in the rivers, representing nearly
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18 percent of the world’s total according to the International Commission on Irrigation and Drainage
(ICID). Amid this wealth of water, the São Francisco River system in the otherwise arid north-east
of the country is one of Brazil’s most significant: the fourth largest river system of the continent,
one of the two main plateau rivers, and the largest river wholly within Brazil (see Figures 1 and 2).

This review aims to highlight this valuable basin’s most critical challenges, both historical and cur-
rent, and the role of federalism (the responses from both the federal and state governments) in facing the
challenges of the past and the opportunities of today.

This study will cover a larger area than just the basin states, examining an ‘extended basin’ area
defined by the reach of acute water scarcity challenges. The extended basin, as seen in Figure 1, will
be defined as the basin states, Minas Gerais, Bahia, Pernambuco, Sergipe, and Alagoas, and three north-
eastern states, Ceará, Paraíba, and Rio Grande do Norte, that have historically seen the São Francisco as
a solution to their water security challenges.

The facts of the extended river basin: natural features, infrastructure, and institutions

This paper begins by exploring the fundamentals of the São Francisco Basin, including the physical
features, climate, hydrology, infrastructure, and water usage, its socioeconomic conditions, and its
institutions, all of which will inform the challenges presented in the following sections.

Physical features

The São Francisco River Basin comprises river, estuary, and coastal areas and is known for its wealth of
water, hydraulic head, and good soil. It is separated into four geomorphological units (see Figure 3). Its

Fig. 1. An ‘extended basin’ approach.
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Fig. 2. Map of the São Francisco River Basin (legend translated).

Fig. 3. The location of the São Francisco River Basin within the Northeast region and four geo-morphological sectors.
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geographical boundary was established by the National Water Council’s Resolution No. 32 of 2003; the large
region ranges from a humid Southeast to a drought-prone Northeast. Its corresponding drainage area covers
around 640,000 square kilometers (km2), representing nearly 8 percent of the national territory (Knoppers
et al., 2006). The São Francisco River itself rises in the state of Minas Gerais in the Serra da Canastra, at
an elevation of approximately 1,600 meters, and flows north and east. It provides approximately 79 percent
of the surface water in Brazil’s Northeast and serves as the primary renewable water source in the region.

Length 2,914 km (Maneta et al., 2009)
Average flow rate 2,850 m3 s�1

Average discharge 100 billion m3/year
Basin area 638,324 km2 (Maneta et al., 2009)
Rivers in the basin Rio São Francisco, Rio das Velhas, Rio Preto, Rio Grande
Basin states1 Minas Gerais, Bahia, Pernambuco, Sergipe, Alagoas (Sato & Godinho, 2004)
Extended basin states2 Ceará, Paraíba, and Rio Grande do Norte
Drainage states Minas Gerais, Goias, Bahia, Pernambuco, Alagoas, Sergipe and part of the Federal

District
Geomorphological sectors 4: Upper, Middle, Lower-Middle, and Lower
Sub-basins 32
Tributaries3 168; large perennial tributaries located in Minas and Bahia
Population Approximately 15 million4

Terrain Atlantic forest, caatinga,5 cerrado6

Climate Varies; sub-tropical and semiarid (over 57%)
Temperature Average temperatures of 20 to 26 °C (Torres et al., 2011),
Evapo-transpiration 896 mm/year7

Notes: 1The Basin drains water from two additional states: Goiás and the Federal District; 2Following
the completion of the São Francisco Transposition Project, the river’s waters will reach these states in
addition to the five basin states outlined above; 399 perennial, 69 intermittent; 4Majority located in
Minas / Bahia, however, upon completion of the Transposition, nearly 14 million additional people
will benefit from drinking and irrigation water; 5Hyperarid xeric shrubland; covers nearly half of the
São Francisco basin area in the west of Minas Gerais and southern Bahia; 6Savannah; predominant
terrain in northeastern Bahia; 7Ranges from 1,400 mm in the south to 840 mm in the north due to
high temperatures, reduced cloud cover.

Climate

The extended basin’s unique climate has a high spatial and temporal variability of rainfall, limited
groundwater, and recurrent droughts. Due to its naturally arid and variable climate compared to the
humid tropical and subtropical climate found elsewhere in Brazil, the Northeast is often referred to
as the ‘drought polygon’ of Brazil (see Figure 4). The drought polygon includes the states of Ceará,
Rio Grande do Norte, Paraíba, Pernambuco, Alagoas, Sergipe, and smaller proportions of the states
of Piauí and Bahia; however, the most significant areas of rainfall irregularity are in Ceará, Rio
Grande do Norte and Paraíba, and western Pernambuco. There is an average annual rainfall of 1,036
millimeters (mm), varying across the region from 600 mm in the semiarid Northeast, between Sobra-
dinho and Xingó, to more than 1,400 mm in the springs located in Upper São Francisco, in Minas
Gerais (IBAMA).
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In the southern and western parts of the basin (Minas Gerais, Bahia), the climate is generally tropical
in nature, with a dry season that coincides with winter in the southern hemisphere; in the central north
and northeast parts of the basin (Pernambuco, Sergipe, and Alagoas) precipitation is much lower and the
climate is semiarid (see Figures 5 and 6).

This climate variability alone can explain much of the water disparity. Precipitation in the southern
regions of the basin is three times that of regions in the Northeast (see Figure 5). In addition to spatial
variability in climate, there is clear temporal variability as well, which affects the supply of water for
agricultural irrigation and hydropower (see Figure 7 for a summarized view and Figure 8 for detailed
view of this variability across the basin).

Fig. 4. The ‘drought-polygon’ area; drought-affected areas of the Northeast.

Fig. 5. Average annual rainfall in the basin (1961 to 1990) (legend translated).

H. Lee et al. / Water Policy 16 (2014) 153–200 157



Hydrology

Geology. The existing spatial and temporal climate variability in this region, which is projected to
increase with anthropogenic climate change, is further exacerbated by geology. High temperatures
result in most precipitation evaporating immediately, while the largely crystalline terrain in the

Fig. 6. Aquifer types in the São Francisco basin (legend translated).

Fig. 7. Permanent and intermittent rivers in the basin (legend translated).
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Northeast prevents the absorption of rainfall into the ground, leading to increased runoff and little
groundwater replenishment (see Figure 6). With groundwater supply limited, surface waters are the
main renewable source in the basin. Despite these challenges caused by climate and geology, there is
at least one advantage to the natural landscape: the elevated lands in the water-rich south allow for a
natural flow to the water-scarce north and east.

Fig. 8. Available water (legend translated).
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Water availability. In addition to climatic and natural differences among the states in the basin, there is
also a sharp distinction in the level of consumption across regions. In the Northeast, where 28 percent of
the region’s population resides, the water supply is irregular compared to that in the southern parts of the
basin, where water is perennially available (see Figures 9 and 10). Monthly and annual natural flows
(average, minimum, and maximum) at the mouth of the São Francisco between 1931 and 2001 are
shown in Table 1.

Water quality. Across the basin, water quality is heavily affected by local conditions. In the Upper
Basin, the release of sewage and heavy metals into river water by municipal and industrial users is
aggravated by the effects of deforestation and the widespread use of agro-chemicals. In the Middle
Basin, agricultural byproducts, increased sedimentation resulting from variable flows, and accelerating
erosion and desertification are all cause for concern. In the Lower Basin and coastal regions, algal
blooms and coastal erosion resulting from reduced channel depth and an absence of floods are factors.
For the basin as a whole, the chief environmental concerns include soil loss and contamination by
organic pollutants and heavy metals.

In many of the tributaries, due to a lack of perennial rivers, the natural cycles of dilution of sewage
are very low or close to zero (see Figure 9); many of these tributaries are in the Northeast. These pro-
blems are greater still in the sensitive areas: along shorelines, in the estuarine wetlands located at the
debouchments of the river in the southwest Atlantic, and at entry points into reservoirs. Uncovered
landfills and a lack of septic tanks contribute to the pollution of the water table, while sewage
inflow into the watershed has increased biochemical oxygen demand, leading to eutrophication and
increased turbidity as well as elevated fecal coliform, nitrogen, and phosphorus concentrations.
Table 2 summarizes the pollution sources and their indicators in various stretches of the river, as
well as suggestions by the National Water Agency and Ministry of National Integration for the actions
necessary to address them.

Fig. 9. Average annual precipitation across the São Francisco River Basin and seasonal precipitation patterns for selected sites.
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Fig. 10. Monthly rainfall and flow averages (legend translated).
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Socioeconomics and water supply and demand

The economy of the basin region includes steelworks and mining, agricultural and industrial-related
activities, and urban commerce – all requiring water. In the extended basin, two major development con-
cerns are informed by socioeconomics. The first is a disparity in water supply and productivity: although
the region contains 30 percent of the nation’s population, it has only 3 percent of the Brazil’s renewable
water resources and contributes only 12 percent of the nation’s gross domestic product. The second is a
disparity in population density, with the extended basin more densely populated than the São Francisco
Valley (see Figure 11).

Water supply

To give a sense of general supply of and demand for water across the region: the average demand in
2000 was 168 m3 s�1, consumptive use was 108 m3 s�1, and return discharge was 60 m3 s�1. There is
more than adequate water in the basin to meet present needs. Each year, the São Francisco River system
yields an average of 89.9 billion m3 for supply, use, and storage, and is fed by both perennial and inter-
mittent tributaries (see Figure 9); in 2004 this amounted to 8,261 m3 per person (FAO, 2005).
Significant water-security concerns exist, however, because of the disparities between the basin and
the immediately surrounding areas; superimposed on these concerns are the increasing demands on
and risks to water supply across the extended basin region. The northeastern regions, as noted above
in the sections on water coverage and natural climate, are water-stressed.

Water demand

Figure 12 shows the imbalance in water demand and supply geographically across the basin in 2013,
based on current business-as-usual scenarios of growth. The picture is similar to the regional disparities
in natural features: most of the rivers in the Northeast have users that demand nearly twice the available
supply, and the primary economic use of water in this region occurs upstream of the Sobradinho Dam.
Figure 13 shows the current unsustainable trajectory of water use: the amount of water withdrawn is
much greater than that returned, especially in the case of urban and industrial users, the very sectors
expecting high growth in the near future. Consumptive use has increased as well, driven by the
needs of cities (some of the fastest-growing urban centers of the region lie in the water-stressed North-
east; International River Basins Register, August 2002) and of irrigated agriculture (see Table 3).

Table 1. Water availability in the São Francisco River Basin.

Discharge (m3 s�1) Availability (m3 s�1)

Physiographic Region Natural Average 95% duration Regulated Surface Water Groundwater

Upper 1,189 289 513 622 29
Middle 2,708 819 513 1160 294
Sub-middle 2,812 842 1,815 1,838 313
Lower 2,850 854 1,815 1,849 318

H. Lee et al. / Water Policy 16 (2014) 153–200162



Table 2. Pollution sources, key indicators and actions necessary to control the São Francisco River (from the source to the
mouth of the river) (translated).

River Stretch Sources Key Indicators Suggested Actions

From river
source to
Three Marias

Food industry Total phosphate, OD, suspended
solids and turbidity

Adapt and/or stabilize the environmental
control systems for the food industry in
Abaeté and Luz.

Limestone extraction Manganese, suspended solids
and turbidity

Adapt and/or stabilize the environmental
control systems for industries
extracting limestone in the municipality
of Pains.

Agriculture Copper, total phosphate,
suspended solids and
turbidity

Encourage conservation tillage of soil and
water as well as a balanced use of
fertilizers, fungicides, etc., throughout the
drainage area of the basin, especially in
the upper São Francisco.

Livestock Fecal coliform, color, total
phosphate, suspended solids
and turbidity

Encourage conservation tillage of soil and
water as well as the use of balanced
boticide, acaricides, etc., throughout
the drainage area of the South São
Francisco river basin, especially in the
upper course.

Swine Fecal coliform, total phosphate,
suspended solids and
turbidity

Adapt and/or stabilize the environmental
control systems developed in the swine-
feeding municipalities of Bom Despacho,
Luz, Martinho Campos, and Santo
Antônio Dumont.

Domestic sewage Total phosphate, DO, suspended
solids and turbidity

Promote management along the
prefectures and public places of the
cities of Luz, Iguatama, and Pains
to aid the effectiveness and
implementation of urban sewage
treatment systems.

Três Marias to
the Minas
Gerais–Bahia
border

Metallurgical activities Copper, cadmium, zinc, nickel,
index phenols, suspended
solids and turbidity

Adapt and/or stabilize the environmental
control systems of the metals industries
located in the municipalities of Pirapora
and Itacarambí.
Accurately identify the causes and adopt
emergency measures and permanent
containment for the processes causing
water contamination.

Extraction of limestone
and manganese ore

Copper, suspended solids and
turbidity

Adapt and/or stabilize the environmental
control systems of extraction industries
for limestone and manganese located in
the municipality of Januária.

(Continued.)
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Economic changes in the region have directly affected water use. In the 1960s, agriculture and ranch-
ing together accounted for 30 percent of the region’s GNP, while industrial activities contributed just 22
percent; today, these sectors account for 10 percent and 26 percent, respectively (Braga et al., 2012).

Table 2. (Continued.)

River Stretch Sources Key Indicators Suggested Actions

Minas Gerais-
Bahia

Domestic sewage Dissolved oxygen, BOD
(biochemical oxygen
demand), and fecal coliform

Implement sewage collection networks and
treatment systems for municipalities
belonging to the basin.

Production and
disposal of waste
from mining
activities

Copper, zinc, cadmium, lead,
hexavalent chromium

Step up enforcement actions and licensing
of mining ventures.

Contributions of
irrigation projects

Organochlorine pesticides,
organophosphates,
carbamates, and fertilizers

Prepare a detailed survey of the inputs used
in irrigation projects. Monitor these
elements in the receiving body, and set
up an environmental education and
awareness program in these irrigated
areas.

Siltation of the
receiving body

Suspended solids, turbidity,
depth, dissolved solids

Implement control measures and restoration
of riparian forests along the watercourse.

Bahia-Sergipe
border to
river’s mouth

Domestic sewage Dissolved oxygen, BOD, and
fecal coliform

Implement a sewage collection network and
treatment systems for municipalities
belonging to the basin.

Fig. 11. Balance of water availability vs. demand under BAU in 2013 (legend translated).
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Fig. 12. Distribution of low withdrawal and consumption between uses in the basin (legend translated).

Fig. 13. Population density in the basin (legend translated).

Table 3. Annual rates of increased consumption in the basin (from 2003).

Use Last 5 years (%) Last 10 years (%)

Urban 2.87 3.15
Rural �0.71 �0.84
Animal 0.53 0.55
Industrial 0.92 1.27
Irrigated area 1.69 3.99
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There is potential for economic growth generally across the basin, but especially for increased industrial
growth in the upper region and for more productive irrigation in the middle and lower regions. Cur-
rently, more than 6.4 billion m3 a year – or 68 percent of total water withdrawals – is used for
irrigation, and it is projected that total water use in the basin will increase more than 250 percent by
2025, with irrigation alone anticipated to utilize more than 76 percent of the river’s water.

Water allocation and regulation: permits and pricing

This current competition between demand and supply is regulated by the National Water Agency,
ANA, which sets water supply at a discharge rate of 1,849 m3 s�1 at the river’s mouth, and the minimum
inflow and outflow at the Sobradinho Dam at 2,000 and 1,815 m3 s�1, respectively. Water permits, allo-
cated by the São Francisco River Basin Committee are issued by ANA or the state water authorities for
the perennial tributaries of the São Francisco and total 582 m3 s�1; the current use is about 27 percent of
the granted volume from permits and 7 percent of the total basin yield.

Population demographics and future population predictions

As noted above, there is a disparity in population density within the extended basin. Until the latter
part of the nineteenth century, Brazil’s Northeast was among the most developed regions of the nation,
with an economy centered on sugarcane production. For many decades, however, the Northeast has been
characterized by high levels of poverty and income inequality. Within the São Francisco River Basin
itself, where more than 15 million people already live, there is great potential for growth. But there
are significant population and economic differences in the basin’s various geomorphological sectors:
the majority of the population lives in Minas Gerais and Bahia (Table 4), and this upper region is
more developed in terms of both water infrastructure and economy (ANA, 2004). The Belo Horizonte
Metropolitan Region in the Upper Basin, for example, accounts for less than 1 percent of the basin area,
but contains nearly 30 percent of the total population.

Population densities across the basin also range from 8 people per km2 in the middle region to more
than 60 people per km2 in the upper and lower regions, as shown in Figure 11. The largest cities in the
Northeast have increasingly attracted migrants from rural and/or smaller urban areas, leading to a popu-
lation that was 75 percent urban in 2005, causing increased pressure on water distribution and treatment
infrastructure (Maneta et al., 2009).

The population distribution within the Northeast and, more specifically, the current and extended
basin states in 2010 is shown in Table 4.

Infrastructure

Water supply. Water-supply infrastructure coverage across the region is mostly in the range of 80 to 95
percent, except for a few areas in the very northeastern tip of the basin (see Figure 14). In general, the
pattern of water coverage on the eastern side of the basin parallels the availability of flow in the water-
sheds and rivers; a challenge to note is that these locations include some of the region’s most
flourishing, rapidly growing cities.
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Sanitation. The federal government has facilitated the creation of sewage-treatment works in 81 muni-
cipalities in the São Francisco River Basin in order to address water-quality challenges in the river’s
tributaries and sub-basins. General coverage of sanitation services in the basin is higher than the national
average, as seen in Table 5 (excluding solid-waste collection). Nevertheless, water-quality concerns
remain high, demonstrating a gap in the water-management system.

Table 4. Areas, population and municipalities of states in the São Francisco Basin, 2010.

Area Population Municipalities

State Total SF Basin Total SF Basin Total SF Basin

Basin states
Minas Gerais 586,520 234,634 19,597,330 8,984,808 853 240
Goiás 340,104 3,041 6,003,788 133,427 246 3
Bahia 564,831 305,866 14,016,906 2,910,107 417 114
Pernambuco 98,146 69,607 8,796,448 7,464,783 185 69
(after Transposition) 98,146 no data 8,796,448 1,864,783 185 98
Alagoas 27,768 14,321 3,120,494 1,122,678 102 49
Sergipe 21,910 8,046 2,068,017 342,248 75 27
Subtotal 1,541,133 635,515 53,602,983 15,358,051 1,878 600
Extended Basin states (i.e. beneficiaries of the Transposition Project)1

Ceará 148,826 no data 8,452,381 4,800,000 184 89
Rio Grande Do Norte 52,797 no data 3,168,027 977,000 167 74
Paraíba 56,440 no data 3,766,528 2,500,000 223 136
Pernambuco 98,312 no data 8,796,448 5,600,000 185 98
Subtotal 356,375 no data 24,183,384 13,877,000 759 397
TOTAL 635,515 77,786,367 29,235,051 2,637 997 635,515

1Tortajada (2006).

Fig. 14. Water coverage in the basin (including number of municipalities, legend translated).
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Water storage. Within the basin itself, nine major reservoirs have been constructed on the river: the
Sobradinho, Itaparica, Moxotó, Apolio Sales, Paulo Afonso I through IV, and Xingó; Sobradinho
and Itaparica are the largest (see Figures 15 and 16). The primary function of this system has been
to produce hydropower. Sobradinho, Itaparica, and Três Marias Dams, in the middle and upper
region of the basin, are used to both regulate the river’s flow and, with large longitudinal dikes, control
floods. This system of large reservoirs and dams was built to control the variability of upstream flow,
prevent irregular water availability for important downstream cities, and produce hydropower.

The Sobradinho Dam and Reservoir has a storage capacity of 28.6 km3 (or about 115 days of average
flow) and inundated area of 4,200 km2. It is not only the largest reservoir in the basin, but also the third
largest in Brazil by storage and the largest in Brazil by inundated area. Sobradinho is an example of the
multiuse potential of large hydraulic infrastructure: a reservoir used for flow regulation for hydropower
production, navigation, and irrigation, as well as for flood control for riverine communities.

Table 5. Coverage of sanitation services in the basin (translated).

Downstream Physiographic Region Water (%) Sewage Collection (%) Garbage Collection (%)

Upper 97.6 77.7 92.6
Middle 94.9 35.5 82.3
Lower-Middle 88.5 57.8 80.4
Lower 82.4 23.4 87.7
Basin Total 94.8 62.0 88.6
Brazil Total 89.1 53.8 91.1

Fig. 15. Series of major reservoirs and their storage capacities and locations along the basin.
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Electricity. The 10 hydroelectric generating units within the basin generate a total of more than 10.3
gigawatts of power. This potential capacity represents 10 percent of the nation’s total potential hydro-
power production capacity of 260 gigawatts (ANA, Global Environment Facility, UNEP, OAS (2004);
see Figures 15 and 16). With this installed capacity, the hydroelectric potential of the basin has been
almost fully tapped, with the associated reservoirs having a major impact throughout the basin (see
Figure 17). In fact, the São Francisco River has a rare geometry; waterfalls and rapids are located
not only upstream in the basin, which is rather common, but also downstream. Hydropower production
has been concentrated mostly in the lower part of the river.

Other uses – irrigation. Another increasingly significant user of basin water is irrigated agriculture. The
region currently contains 342,712 hectares of irrigated land, with notable affiliated infrastructure that
includes a large irrigation complex in the Juazeiro/Petrolina region for fruit production (see Figure 18). In
addition to the major facilities, the Articulação no Semiárido Brasileiro (ASA), an association of 1,000
non-governmental organizations, local community members, and religious organizations, has built more
than 350,000 household water tanks and 9,000 irrigation tanks across the extended basin. The São Francisco
River’s existing facilities also allow major parts of the basin to be used for fisheries, navigation, and
municipal water needs, so any plans for expansion must be sensitive to these additional activities.

Future infrastructure works. More recent infrastructural development in the extended basin is occur-
ring at the federal level, in the extended states, and at a more minor level across the basin itself. The
federal efforts have focused on securing reliable water storage and increasing protection against
floods; state efforts, on constructing the necessary infrastructure to meet basic resilience and storage
standards and increase their own supply of water.

New infrastructure developments within the extended Basin include the Armando Ribeira Goncalves
Dam on the Piranhas-Acu River in Rio Grande do Norte and the Castanhão Dam and Reservoir, to be
located on the Jaguaribe River in Ceará. The largest, most significant infrastructural effort, the
Transposition Project, will be explained in greater detail later in this study.

Fig. 16. Series of major reservoirs and their total and live storage capacities.
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Institutions

Understanding the development of the basin’s water-management framework, including such key
areas as the ownership and allocation of water, its pricing, and procedures for conflict resolution,

Fig. 17. All hydropower plants in the basin (as of 2004, legend translated).
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requires knowledge of the region’s current institutional environment and how it evolved. This knowl-
edge also helps explain federal and state responses to historic and current water-management
challenges of the basin.

Fig. 18. Irrigated areas (as of 2004, legend translated).
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Constitutional allocation of powers in water management. Under Brazil’s 1988 Constitution (PDBA,
undated), private ownership of water is prohibited1 and water is an environmental good2; as such, it is
‘an asset of common use’ (Water Law in the United States and Brazil). The constitution sets out rules for
the assignment of water resources to the various administrative levels: the federal union and the states. A
body of water is owned by the union if it crosses one or more state boundaries, or borders with another
country. Water resources with boundaries that fall entirely within the borders of a state are regulated and
administered by their respective governments. As a river that crosses more than one state, the São
Francisco is owned by the federation.

The constitution also allocates the power to legislate among the union, the states, and municipalities.
The union has exclusive power to legislate water3 and concurrent power with the states to regulate
specific issues that relate to water4. In the latter case, the union’s power is limited to the establishment
of general rules. States supplement these rules with laws that must conform to the national law. In the
absence of federal laws, the states can exercise full legislative competence5.
Municipalities, in turn, have the power to legislate matters of local interest and to supplement federal

and state legislation where pertinent6. The responsibility for water supply and sanitation is not clearly
assigned to either municipalities or states in the Constitution (McNallen, 2006), but in practice, munici-
palities govern both land use and sanitation.

Separate responsibilities for regulation, management, and enforcement. Brazil’s National Water
Resources Management System (NWRMS) was set up through the National Water Law adopted in
1997 (Law 9.433). The principles of the nation’s water-management policies can be summarized as fol-
lows: (i) the river basin is the territorial unit for the implementation of the National Water Resources
Policy; (ii) management of water resources should allow for multiple uses of water; (iii) water is a lim-
ited resource and public good with economic value; (iv) management of water resources should be
decentralized and involve participation by different levels of public power – users, government, and
community; (v) in times of scarcity, priority is given to human and animal consumption (Garrido, 2001).

Institutions within the NWRMS operate in parallel at national and state levels, depending on the
classification of the basin. Key entities in each level are: the water-resources council; the responsible
government agency (state or national); the river-basin committee; and a basin agency for implemen-
tation (Garrido, 2001). As a federal river, the institutions responsible for administering the São

1
‘The classification of all waters as a public good is a relatively new phenomenon in Brazil. (…) Prior to the 1988 Constitution,

Federal and/or state governments were tasked with managing water resources but private ownership was not permissible’. Id.
at 397.
2 Article 225: ‘All have the right to an ecologically balanced environment, which is an asset of common use and essential to a
healthy quality of life, and both the Government and the community shall have the duty to defend and preserve it for present
and future generations’.
3 Article 22. This rule has an exception; a supplementary law can be issued authorizing States to regulate water ‘upon specific
questions related to the matters listed in (…) article [22]’. Such law has not been issued.
4 Such as ‘forests, hunting, fishing, fauna, preservation of nature, defense of the soil and natural resources, protection of the
environment and control of pollution’; ‘protection of the historic, cultural and artistic heritage, as well as of assets of
touristic interest and landscapes of outstanding beauty’; ‘liability for damages to the environment’; and the ‘protection and
defense of health’.
5 Article 24, paragraphs 1, 2, 3, and 4 of the Constitution of Brazil.
6 Article 30,1 and 2 of the Constitution.
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Francisco Basin are located at the federal level in the NWRMS. Management of state water resources
linked to the basin (e.g. tributaries that are located entirely within one state) remains the domain of state
institutions. The federal institutions are organized as illustrated in Figure 19.

Institutions involved in the management of the São Francisco Basin. This section describes the key
institutions involved in management of the São Francisco Basin at the federal level. Figure 19 shows
how the overarching federal institutions relate to each other across the different areas of energy, environ-
ment and water management, and development. Institutions that related to the São Francisco Basin
operate in the area of environment and water management, and are shown in Figure 20.

The National Water Agency (ANA) – was established in 2000 and functions as the regulatory agency
for basins in the federal domain. It grants water permits and is in charge of implementing the National
Plan for Water Resources formulated by the CNRH. Its most important role is that of implementing the
National Water Resources Management System.

National Water Resources Council (CNRH) – leads Brazil’s water-management hierarchy, making the
final decisions on infrastructure projects and water charges for federal rivers. It is also responsible for
settling conflicts among the other NWRMS institutions about water use or the water-resources plan. The
council prepares and approves the National Plan for Water Resources, which sets priorities for further
infrastructure and institutional development. Although CNRH has the ultimate authority to deliberate on
issues pertaining to federal water management and to resolve conflicts on institutional jurisdictions, its
actions need to respect the constitutionally mandated allocation of powers in water management to the
federation and states. Therefore, debates about the legality of a CNRH decree are likely to influence
policy outcomes, as the various stakeholders seek to strengthen their regulatory proposals with specific
juridical and constitutional arguments. Through resolution 47/2005, for example, CNRH approved the
project for the Transposition of the São Francisco, thereby allowing construction to begin.

Ministry of National Integration (MIN) – established in 1999, develops strategies and projects for
reducing inequalities among Brazil’s regions. As such, most of its activities focus on the northeast
and north of the country. MIN administers implementation of the Transposition Project, its most
important responsibility since 2005.

Fig. 19. Federal institutions for water management.
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São Francisco River Basin Committee (Basin Committee) – was established in 2001 and became
operative in 2003 as a participative organization consisting of about 60 individuals representing various
governments (federal, state, and municipal), water users, and other civic groups. The committee is
responsible for approving the basin plan (which establishes the priority water uses and water-related
investments in the basin), following up on its implementation, establishing charge mechanisms, and
suggesting to the CNRH the water tariffs to be charged (Braga et al., 2008). In 2004 the Basin
Committee was called upon to agree on its most important instrument, the São Francisco Basin Plan
and the associated water allocation. According to the Water Law, a basin agency is responsible for
drafting a basin plan, which the basin committee then discusses and approves. But because no such
agency existed for the São Francisco Basin in 2004, ANA was responsible for and developed its
basin plan. The law also requires the presence of a basin agency in order to implement water charges
(Kleemens, 2010).

Peixe Vivo (Basin Agency) – a nonprofit civic association – was eventually selected as the basin
agency for the river after a public tender organized by the Basin Committee. In principle, the basin
agency is intended to act as an executive secretariat for the Basin Committee, and is responsible for
implementing water charges, creating the basin plan, and managing the information system. Peixe
Vivo, however, as a small organization, has only limited capacity and financial resources to fulfil its
intended functions.

The Company for the Development of the São Francisco Valley (CODEVASF) – is a public company
under MIN that promotes the development and revitalization of the basin. It mobilizes public investment
in irrigation projects and also invests in new technologies, additional storage capacity, crop diversifica-
tion, the rehabilitation of environmentally degraded areas, and the training of farmers (CODEVASF,
2012).

The Hydroelectric Company of the São Francisco (CHESF) – generates electricity in the eight north-
eastern states. The utility operates nine power plants along the São Francisco River with a capacity of
just under 10,000 megawatts (CHESF, 2012). CHESF is a subsidiary of Eletrobras, a mixed capital

Fig. 20. Institutional environment for water management.
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energy-generation company in which the Brazilian federal government is a majority shareholder
(Eletrobas, 2012). CHESF operates under concessions issued by the federal government for the oper-
ation and management of hydropower stations. 90 percent of these concessions were due to expire in
2015, and provided an opportunity for CHESF to ask for additional responsibilities related to the oper-
ation of the Transposition infrastructure and water management for basin development. However, in late
2012, the Federal Government renewed the CHESF concessions subject to the condition that its role is
limited to operation of hydropower facilities.

In addition to these federal bodies, states also have institutions responsible for managing those São
Francisco tributaries located entirely within their borders. The state-level framework for water manage-
ment largely parallels the federal framework: there are state water councils, state water agencies, and, in
some cases, basin committees for state rivers. The responsibilities of these institutions are broadly
defined along the same lines as the federal bodies described above.

Management instruments

Integration of short-term processes with long-term basin plans. Law 9.433 established NWRMS man-
agement instruments that are available to implement the goals of the system. The long-term basin plan
provides the basis for management of basin water resources. It diagnoses the current status of water
resources, considers the future supply of and demand for water, and identifies future areas of conflict.
It also defines targets for use and water-quality improvement, and the programs to be implemented to
achieve these targets. Importantly, the plan defines priorities for water permits, and provides guidelines
and criteria for water tariffs. The basin agency is responsible for making the basin plan, and the basin
committee then discusses and approves it.

The classification system for bodies of water is an instrument that ranks water according to eight
different classes, to ensure that its quality is compatible with its main uses. Target qualities are defined
by the basin committee and must be achieved within a set period of time.

Water permits (Outorga) required for all water users, award the right to withdraw and utilize water.
Significantly, the water-permit system cannot be delegated to any institution outside the government,
meaning that water rights can be allocated only by a responsible authority in the federal or state
government. In addition, water permits cannot be traded.

Finally, water tariffs (Cobranca) exist as a mechanism to: (i) manage water demands; (ii) redistribute
social costs; (iii) improve effluent quality; (iv) raise funds for sector investments; and (v) provide for
planning, social, and environmental matters. Funds raised from these water charges are used to finance
programs within the water-resources plan, and up to 7.5 percent of the charges collected can be used for
implementation and administrative costs of entities in the NWRMS (Garrido, 2001).

A summary of the entire institutional environment for water management is shown in Figure 20.

Resolving conflicts in water management

The NWRMS lays a foundation for the resolution of water-management conflicts. In theory, the Basin
Committee is intended as the regional ‘parliament’, responsible for making decisions on the long-term
use of water within the basin, as well as on water charges. However, in the case of conflict, the National
Water Resources Council has final decision-making power.
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Historical challenges: addressing historical challenges of acute water scarcity and use of water for
economic development

The history of the São Francisco River Basin and Brazil’s Northeast has been defined by a paradox –

the abundant São Francisco River, with its great development potential, stands in direct contrast to the
water-deficient adjacent states. As described above, in the review of basic facts about the basin, water
scarcity from drought in the extended basin region is exacerbated by more variable precipitation in the
north, and a geology that limits the availability of groundwater. Because of this, the challenges facing
the states in the São Francisco Basin itself are distinct from the challenges faced by the arid states in the
neighboring extended basin, which lack direct access to the São Francisco’s water.

Water management, as a result, was historically defined by efforts to deal with recurring droughts
events themselves as well as the political landscape they produced. The federal government and
states had to respond to two major challenges: first, to address the acute water scarcity in the extended
basin region, and second, to develop the region through the most optimal allocation of water to energy
and agriculture.

Historical challenge 1: Historic challenge of acute water scarcity in the extended basin

Droughts have long been blamed for the poverty, economic underdevelopment, and even the politics
of Brazil’s northeastern region (the so-called ‘culture of drought’). Among the direct effects cited are
low economic growth, high mortality and internal migration to other parts of Brazil.

Drought impacts. During the sixteenth century, the Northeast was home to a prosperous and poten-
tially flourishing ‘sugar civilization’, a colonial economy based on extensive plantations that greatly
enriched the Portuguese crown. This sugar-cane and cotton economy ended, however, around the begin-
ning of the seventeenth century, under the dual pressures of external competition and drought
conditions.

From 1824 to 1825, in 1845, and again from 1877 to 1879, droughts in the Northeast resulted directly
in hundreds of thousands of deaths and significant constraints on economic growth. Some 500,000
people are estimated to have died during the 1877–1879 drought alone; by the end of that century, Bra-
zil’s population was estimated to have shrunk 5 percent as a result of the drought cycles (Villa, 2001).
General migration in the twentieth century, driven by these and subsequent droughts and the resulting
economic conditions, flowed away from the Northeast toward the center of the country (see Figure 21).

The nineteenth-century droughts brought further devastation to a region still suffering the after-effects
of earlier hardship. The droughts had political ramifications as well, During the worst periods, the urban
centers of the Northeast – in particular those of the state of Ceará, which was often the region most
affected (see above) – faced major influxes of starving peasants. The political leaders of the fearful
urban elite, in turn, relied on armed soldiers to keep the situation under control. After a drought in
1915, for example, Ceará’s state government created a heavily guarded concentration camp for about
8,000 people on the outskirts of the city of Fortaleza where refugees survived on government food
rations until the end of the drought, when they were dispersed back into the interior.

Cultura da Seca: a political era in response to water scarcity. Both the immediate and the long-term
effects of droughts gave rise to the ‘Cultura da Seca’ (the ‘culture of drought’), a paternalistic political
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system that provided remedies after the fact. By the time of the 1932 drought, this approach had become
a systematic policy response on the part of the authorities, as refugee numbers rose to 73,000 people
kept under tight surveillance in eight different camps. The situation gave rise to a key challenge for
the extended basin states: how to address the impact of water scarcity politically and economically.

Historic response to water scarcity in the extended basin – federal governance

After the 1889 inauguration of the federative republic, the federal government became increasingly
concerned about the consequences of the droughts and sought to provide some assistance to the affected
regions. Federal involvement was at its highest after the institutional consolidation of the Brazilian state
under the Estado Novo regime (1937–1945) of Getulio Vargas. Previous efforts, mainly focused on
institutions and infrastructure, were for the most part considered sporadic, superficial, and reactive. Con-
fronted by acute water scarcity, the federal response has been mostly defined by the creation of two
federal agencies, DNOCS and SUDENE, and investments in large reservoirs.

Federal institutions. DNOCS, the National Department of Works Against Drought, was created in
1909 with a mandate to coordinate government investments in large water reservoirs and related infra-
structure within the drought polygon; that mandate continues today. Half a century later, an agency to
stimulate economic growth in the Northeast, SUDENE – the Superintendency for the Development of
the Northeast – was created in 1959.

Federal infrastructure. Modern efforts to combat drought using infrastructural innovation began in
1834, when the imperial government made the first financial contribution to public-works investments
in building wells and ponds. Such small-scale efforts barely addressed the existing challenges. In 1859,
Emperor Dom Pedro II embarked on his first trip to the Northeast; he aimed to ‘rediscover Brazil’ and

Fig. 21. Internal migration during the twentieth century.
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commissioned the Brazilian Historical and Geographical Institute to establish a committee to study the
problem of water scarcity in the state of Ceará. The resulting recommendations called for 30 major reser-
voirs. The largest of those commissioned, o Açude do Cedro (capacity: 126 million m3), took more than
16 years to complete. To date, DNOCS has built more than 1,000 reservoirs in the Northeast, with a total
water capacity in excess of 15 billion m3. The largest of these are the Orós Reservoir, with a capacity of
2,100 million m3, inaugurated in 1960, and the Castanhão Reservoir, with a capacity of 6,700 million
m3, completed in 2002. This massive federally driven response has been successful in increasing water
availability and building robust infrastructure. Adoption of the 1988 Constitution, however, has
increasingly shifted relevant policymaking and public-works decisions to the states, with varying success.

Historic response to water scarcity in the extended basin – state governance

In the late twentieth century, response and management to water scarcity in the greater São Francisco
Basin region became more complex, as decentralization based on the 1988 Constitution led to more
empowered state governments.

The states’ role in water management has generally focused on two areas: (1) understanding the need
to strengthen institutions for water management and (2) making the case that state experiences in
managing their own, as well as federal, waters ought to shape and inform responses at the federal level.

A few states have begun to drive such institutional innovation in water management. Although all the
northeastern states face similar challenges, this paper has chosen to examine the actions of the state of
Ceará – arguably the state that has administered the most ambitious and successful reform agenda, and
which has had a major impact on federal water policy.

State of Ceará. Although droughts have marked the political economy of the entire Brazilian northeast
throughout the nineteenth and twentieth centuries, the state of Ceará was by far the most affected. The
need to ensure water security and to alleviate the social consequences of droughts were, for most of the
past two centuries, the single most important priority of its technocrats and political leaders. This helps
explain why Ceará not only came to possess one of the most advanced models of institutional develop-
ment for water management, but also how this small, poor state was eventually able to shape water
policy at the highest level – the federal water legislation approved in 1997.

After the collapse of the Brazilian dictatorship and the approval of the 1988 Constitution, Ceará’s
reformist governor at the time, Tasso Jereissati, sought to channel the newly acquired powers and fund-
ing mandated by federal decentralization into strong state involvement in water management. In 1987,
the state government established a State Secretariat for Water Resource Management and, drawing on
the newly acquired institutional resources, a State Plan for Water Management was developed in 1991.
Finally, the State Water Law (11.996) was adopted in 1992, marking the beginning of an entirely new
policy approach.

In stark contrast with past practices, which comprised disparate infrastructure investments
implemented with no prior coordination or collaboration by highly centralized federal and state
agencies, the law embraced integrated, decentralized, and participatory water management and intro-
duced two new and critical innovations: first, the river basin would be designated as the unit for
planning, and second, basin committees would be created under the law to deliberate democratically
on the efficient, responsible, and sustainable use of water (Abers & Keck, 2006). To this day, this
basin-centric approach influences the nature of and responses to the challenges of the extended basin.
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Despite considerable popular support for the new policy and the progress achieved in managing var-
ious river basins in the state, the drought of 1993 highlighted some of the limitations of the new law. As
the state scrambled to set aside sufficient funding for emergency infrastructure works and drought relief,
government officials realized the importance of developing a sustainable financing platform for upgrad-
ing the state’s water-supply infrastructure (Kelman, 1998). Through a project named PROURB
(Program for Urban Development and Water Resource Management), the state government entered a
partnership with the World Bank to consolidate its water-management capabilities and establish a finan-
cially independent state bulk-water company (COGERH, 2012). The outcome of this partnership was
the foundation of COGERH – the Company for Water Resource Management – which became a
hybrid institution acting on the one hand as the administrator of the state’s bulk-water infrastructure,
and on the other hand as a collective agency for all the basins in the state.

State institutions: COGERH and CAGECE. COGERH was charged with approving water permits,
charging for the use of water, and helping facilitate the activities and projects of individual basin com-
mittees; its creation brought in the World Bank as a key investment and infrastructure development
partner, and was a major step in strengthening water management. In parallel with the consolidation
of COGERH, the state government also acted to strengthen the state’s water-treatment and -distribution
company, CAGECE, the Water and Sewage Company of Ceará.

The actions of COGERH and CAGECE added to Ceará’s growing list of innovative water-manage-
ment policies and practices. COGERH began to issue water permits in 1995 and in 1997 became one of
the first state-level institutions in the country to successfully implement a pricing system for bulk water.
Two factors in particular explain this achievement. First, Ceará’s political leadership was determined to
implement the charges in spite of potential short-term political costs in order to pursue the goal of
achieving long-term water security for the state. Second, past experiences apparently ensured users’
compliance. Industrial users realized that the guarantee of a secure water supply was well worth the
substantially higher price they now paid.

CAGECE, now able to focus solely on its distribution and treatment installations, also made signifi-
cant investments to reduce network losses and increase its efficiency; once implemented, its system of
tariffs and distribution ensured the supply of most of the state’s residential users. Today, CAGECE is
also financially independent, enabling the state government to invest in new water infrastructure,
unlike the situation in most of Brazil’s other states. CAGECE now accounts for 60 percent of
COGERH’s revenue, and COGERH manages to cover its operating expenses from water charges, an
exceptional situation within the spectrum of state water agencies in Brazil.

State influence on federal actions. By means of the various measures and best principles of manage-
ment described above, Ceará gained recognition well beyond the Northeast or the drought polygon.
Seen as a national leader in water management, it had made clear both the constraints of existing
agencies and the need for a single agency to address water issues. Ceará’s successes can be summarized
as a focus and approach on water management systems, separation of the functions of resource manage-
ment and water-service delivery, financial autonomy through water charges, and broad involvement of
stakeholders in policy. Its influence is evident in the development of the Water Law of 1992 and of
ANA, the national water agency, and through other changes to federal policy on water management
in the late twentieth century that reflected both Ceará’s technical and political experiences.
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Historical challenge 2: Using water for economic development in the region

With progress being made on the more immediate challenge of allocating water appropriately in the
extended basin, the federal government’s focus slowly moved toward a challenge just as significant: uti-
lizing the wealth of the basin waters for economic growth in the region and extended basin. For the past
two centuries, the Brazilian Northeast, once the center of the nation’s economic, cultural, and political
life, has been relegated to the sidelines.

Demographic changes have exacerbated rural poverty, geographical isolation has frustrated industrial
development, and millions of nordestinos have migrated to the country’s southeast or Amazonian
regions in search for a better life. And yet the region also has a clear opportunity for economic devel-
opment, thanks to the São Francisco River Basin’s wealth of water and a significant opportunity for
economic growth.

Historically, efforts to boost economic growth in the region have focused on hydropower. Possibilities
for improving the agricultural sector, among others, have been largely ignored. Utilizing the basin’s
waters for growth may therefore be seen as two separate challenges: the first, developing hydroelectric
power for regional and national use; the second, developing agriculture, through infrastructure and insti-
tutions building.

Historic response to utilizing water for economic development – energy

Federal infrastructure for energy. Capturing the hydroelectric potential of the basin waters has been
largely a federal effort and a priority for water use. The Código de Águas (‘Water Code’), for example,
codified in 1934, proposed that water be seen as a means of energy production (Empinotti, 2008). A cas-
cade of major hydropower projects followed, and later, a federally-sponsored connection of regions to the
national grid. Unlike the ‘Cultura da Seca’ that defined the response to water scarcity, the model for hydro-
power was ‘top-down, technocratic, economic growth-oriented and natural-resource intensive
development’ (Khagram, 2004); Brazil’s military government followed this model; constructing large
hydroelectric dams that were consistent with Brazil’s development strategy at that time (Kleemans, 2010).

The first hydropower facility, the Paulo Afonso Plant, was built in 1955. The others now include Três
Marias in Minas Gerais, built in 1961, Sobradinho in Bahia, built in 1977, and Luiz Gonzaga (Itaparica),
between Bahia and Pernambuco, in 1988. The dams not only served to expand Brazil’s energy gener-
ation, but were symbolic of ‘broader development dynamics’ as well. Ever since the construction of the
Três Marias hydropower plant in 1961, large hydropower infrastructure projects in the São Francisco
River Basin have been planned not solely for electricity generation, but considered in relation to
their effect on total water availability as well. Dam building focused on flow regulation, flood control,
and improvements in providing water for navigation and irrigation (Tortajada et al., 2012), with a major
objective of increasing the minimum flow of the São Francisco during drought periods and providing
adequate flow for the hydroelectric plants downstream.

Federal governance for energy. The new supply of electricity required, in addition to the infrastruc-
ture, new frameworks, institutions, and policies to allocate, price, and ensure sustainability of supply.
This concept of water as a means, rather than an end, influenced the large-scale development of hydro-
power plants as well as the government’s attitude toward water management. A drastic restructuring and
expansion of the energy sector accompanied the government’s new focus on large hydropower projects:
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in 1960, the responsibility for water management was removed from the Ministry of Agriculture and
placed under the jurisdiction of the Ministério de Minas e Energia (MME: Ministry of Mines and
Energy).

To ensure its dominance of the energy sector, the federal government further established its monopoly
of water management in the Northeast by creating CHESF (Companhia Hidroelétrica do São Francisco)
in 1948, a subsidiary of the federally owned Eletrobras. Given the responsibility and authority to both
operate and manage the water of the São Francisco Basin, CHESF pioneered the concept of creating
institutions alongside infrastructure to develop the (hydroelectric) energy sector. Setting the tone for
a dominant federal influence over issues of water management, the federal government, through
CHESF, retained exclusive power over the energy sector and the accompanying construction projects.

CHESF’s first major project was the construction of the Paulo Alfonso Dam in Bahia, with a maxi-
mum capacity of 1.12 megawatts. Paulo Alfonso was the first of four cascading hydropower plants that
now form the Paulo Alfonso complex, a powerhouse of electricity generation: from the 1960s to the
1990s, the complex was the largest in the country. In addition to carrying out this massive increase
in electricity generation, federal action also addressed connectivity and distribution. The São Francisco
River hydropower plants are connected to Brazil’s national electric grid, the National Interconnected
Electric System, and are therefore operated federally, by the National System Operator (ONS), which
manages both the transmission network and grid procedures.

Today, hydropower supplies 80 percent of the Northeast’s energy demand, supplemented by thermal
energy plants in the region and power imported from the national grid; major wind-power development
plans have been implemented. Despite this more diverse energy grid, CHESF preserves its dual oper-
ational and managerial role. The exploitation and development of the São Francisco’s hydropower
potential, driven by an institution with immense capabilities, fulfilled the federal government’s goal
of creating a strong energy sector.

Historic response to utilizing water for economic development – agriculture

Federal agencies and politicians likewise recognized the potential of enhanced irrigated agriculture in
reducing poverty and improving the economy of the São Francisco Basin.

Federal infrastructure for agriculture. Management of agriculture historically has been complex in
terms of policy and jurisdiction, with responsibilities shared between the federal and state governments.
Responsibility for agricultural development fell into two categories, the first focused on irrigation infra-
structure and water allocation and the second on agricultural production. The major federal agencies
historically involved include CODEVASF, SUDENE, and DNOCS.

CODEVASF (in its original conception as the Commission of the São Francisco, CVSF) first became
involved in rural extension and agricultural production with cattle and cotton farmers in the São Fran-
cisco Valley in the mid-1950s; it began to invest in larger-scale public irrigation projects only after the
creation of SUDENE in 1959. DNOCS, meanwhile, continued to invest in water infrastructure to
increase water availability; unlike CODEVASF, which focused on livelihood improvement, it focused
on rural development that promoted the industrialization of the region. In addition to the infrastructure
work of CODEVASF and DNOCS, SUDENE also became part of the federal effort. Between 1960 and
1964, a major study (‘o Plano da SUDENE’) was launched to develop the agricultural sector across the
Northeast. It included four infrastructure- and resources-related targets: (1) food production in the humid
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and coastal plain regions of the Northeast; (2) the development of a semiarid agriculture resistant to the
effects of drought; (3) settlement of the state of Maranhão; and (4) development of irrigation in the basin
(Da Silva, 2007).

Federal governance for agriculture. Following the creation of an irrigation policy for Brazil through
the Pluri-annual Irrigation Program instituted by the Executive Group for Irrigation and Agricultural
Development (GEIDA), CODEVASF assumed primary responsibility for implementation of the
National Irrigation Policy. Consequently, between the 1950s and 1990s, more than 28 irrigation projects
were built by CODEVASF in the basin, with 50 percent of the irrigated land typically reserved
specifically for local small-scale farmers.

Most of the land for such public irrigation projects was purchased inexpensively from private owners,
with CODEVASF assuming responsibility for the construction of irrigation and transport and energy
infrastructure. Smallholder farmers received 5-hectare lots through land-reform schemes, while the
remaining plots were sold in 5- to 200-hectare lots in public auctions. Once the basic conditions for
agricultural production were in place (i.e. construction had been completed and the lots occupied),
CODEVASF surrendered operation and maintenance responsibilities to another association, the Irriga-
tion District, which charged all producers the requisite fees for water, fixed costs, agricultural services,
and operation and maintenance. Although the transfer of irrigation responsibility to the Irrigation Dis-
trict implied economic viability, many projects failed to become profitable and, lacking adequate
resources to satisfy their financial obligations to both the Irrigation District and CODEVASF, often
fell into disrepair.

One example of a failed irrigation project is the development of a 100,000-hectare irrigated area in
Jaíba, Minas Gerais, two-thirds of which was intended for public-settlement schemes. The combination
of a poor location – isolated from markets and urban hubs – the low capacity of small, uneducated farm-
ers and insufficient technical, managerial, and political support led to a significant disparity between
government investment and agricultural output. Similarly – in the case of the Formoso project, a
12,000-hectare irrigated area in western Bahia – smallholder farmers were unable to produce sufficient
agricultural output to attract the necessary infrastructure for food packaging or production. Investi-
gations by both CODEVASF and the World Bank suggest that, as shown by these two examples, a
lack of both the agricultural and managerial competencies required for commercial success, and of
inadequate technical support from both CODEVASF and the Irrigation District, led to depressed
prices caused by excess production of common crops.

As the examples illustrate, these changes in managing agricultural development produced both key
successes and failures in terms of federal response. The history of public irrigation projects in Brazil
is likewise mixed. The first examples were focused primarily on social and community development,
and therefore aided small-scale farmers but lacked managerial, technological, and financial support.
In the 1980s, private enterprises began to get involved, and eventually established some of the most
important agribusiness hubs in the nation, including the Petrolina–Juazeiro hub, a vibrant fruit and
export center, in the São Francisco River Valley.

In summary, the failures were of two kinds: first, an inability to support agriculture for small farmers;
second, an inability to initiate self-sustained expansion of the sort seen in many other larger river basins
in the world today. What progress there was included the development of some private high-value agri-
businesses, the endogenous inclusion of some small farmers by ‘anchor enterprises’ (large businesses
that would develop contracts with smaller farmers to increase production) and a demonstration of the
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potential benefits of irrigation. Between the 1960s and 1970s and the 1980s, for example, the irrigated
area of the Northeast increased more than twofold, from 5,200 hectares per year to 10,500 hectares per
year, because of large irrigation projects (CODEVASF, 1994). The failures, however, have had
long-term impacts and still pose challenges today.

Lessons learned in responding to historical challenges

Lessons learned from state responses to historical challenges. Our study of Ceará’s transformation
from Brazil’s most vulnerable state, in terms of water security, to having the strongest system of
water-supply infrastructure and the most developed management institutions of the semiarid Northeast,
has highlighted the importance of addressing both water scarcity and economic development. As noted
earlier, key factors for Ceará’s successes can be summarized as: water reform as part of an overall pol-
itical and economic reform program; a system-wide focus and approach; separation of the functions of
resource management and water-service delivery; financial autonomy through water charges; and broad
involvement of stakeholders in policy.

Lessons learned from federal responses to historical challenges. There are two conclusions to be
drawn here: first, that the historical challenges discussed above demonstrated the power of federalism
as it focused on developing the basin’s massive hydroelectric potential, showing the opportunities poss-
ible when a federal political consensus is coupled with a commitment to improvement: in this case,
management of the São Francisco Basin itself. Yet this intense focus of federal resources on the
energy sector alone, however, also had significant and detrimental long-term effects. Above all, it
became immensely difficult for other water-use sectors to compete for water rights; the construction
of hydropower dams along the São Francisco entrenched the energy sector’s ability to dictate water
policy, superseding irrigation, agriculture, and all other water uses and sectors in Brazil’s strategic
development agenda. This created an imbalance both in governance and in the allocation for overall
use of the basin’s wealth of water, an imbalance reflected by the strength of certain existing institutions
and mechanisms today. That informs our second conclusion: that water, even historically, was a
necessary but not sufficient condition for sustainable growth.

In summary, the historical responses left gaps that have persisted in the water management frame-
work, including a lack of institutional mechanisms for water allocation among different users during
periods of drought, the continuing vulnerability of remote basins and communities, and a lack of col-
laboration between major governing and managing institutions and lack of development of an
integrated development plan.

The historical challenges have undoubtedly informed today’s discussions of sustainable growth and
of the need to fill the remaining gaps in water-management policies, as well as of the proper approach to
take toward policy design. That is, first choosing overarching short- and long-term objectives, then sub-
sequently choosing the appropriate instruments to serve the objectives, then the right organizations to
manage the instruments, and lastly, implementing the infrastructure to make this possible.

A new opportunity for managing wealth through water – the Transposition Project

The basin’s fundamental challenges today remain largely the same as in the past, that is, to improve
water security in the arid neighboring states and to use water as a springboard for development in the
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valley. But these contemporary challenges must now be set against the backdrop of the Transposition
Project, an immense three- to four-billion-dollar (USD) federal infrastructure project set to move
nearly 2.1 billion m3 of water from the abundant São Francisco River to the water-scarce Northeast
each year. ‘The desert will become sea’ (in Portuguese, ‘O sertão vai virar mar’) – a consecrated
phrase in Brazilian literature that aims to capture the utopian struggle against nature of the inhabitants
of that semiarid region – may today gain new meaning: that of winning a battle for a decent life and for
development.

However, assessing the best institutional approach to managing the wealth of the basin’s waters is
critical. As the preceding review has shown, the Brazilian federal government historically has addressed
the challenges of water management mainly through the construction of infrastructure and the creation
of new federal agencies, and only then followed up with management instruments such as tariffs and
water rights. This developmental strategy has yielded mixed results. In some cases, failure to determine
in advance the ultimate goals and mechanisms of grand infrastructure and institutional projects has led
to inefficient use of resources or ambiguous organizational mandates.

Currently, policymakers face this same issue with the Transposition Project, including how to best
manage and utilize this newly developed infrastructure. Thus, the basin’s current water security –

and the use of water for development – can be summed up in two interconnected challenges: (1)
how best to deliver on the potential of the new infrastructure of the Transposition Project and (2)
how best to manage the economic potential of the São Francisco River Basin as a whole for the
future development of the entire region. The first challenge should be addressed by both the federal
and state governments; the second challenge is mostly a responsibility of the federal government, requir-
ing a consideration of the optimal utilization of waters both inside and outside the immediate Basin area
and across state boundaries.

The Transposition Project. The federal government’s São Francisco River Basin Transposition Pro-
ject, ‘O Projeto de Integração do Rio São Francisco’, is an inter-basin transfer: water from one
geographically distinct river catchment, or basin, will be transferred to another. As noted above, the pro-
ject aims to address major water-security concerns as well as disparities that have been fed by existing
conditions in the basin: first, the disparity in water supply between the Northeast, with 28 percent of the
population but only 3 percent of the available water (irregularly available at that) and the less densely
populated basin itself, where water is perennially available (supposedly, only 5 percent is actually con-
sumed in the valley); second, the disparity of the population densities themselves. Unsurprisingly, the
nonriparian, semiarid states of the Northeast have long coveted the waters of this river system.

Vision and goals. This plan to move water from the São Francisco Basin between the Sobradinho and
Itaparica dams to the drought-prone northeastern states of Ceará, Rio Grande do Norte, Pernambuco,
and Paraíba – especially to secure a steady supply to the largest cities, including Fortaleza, Juazeiro,
Crato, Mossley, Campina Grande, Caruaru, and Joao Pessoa – is significant to the Northeast and to
Brazil as a whole. Water transfers are an important, increasingly utilized solution globally, moving
water from water-rich areas to quickly urbanizing and developing donor nations with major water
shortages. This is much like the case in the São Francisco project, where water is being moved from
the water-abundant São Francisco to develop the water-scarce Northeast. World-wide inter-basin
water transfers make up more than 14 percent of all current water withdrawals, and this number is
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projected to rise to a quarter of total water withdrawals by 2025, with levels highest in North America
and Europe, and lowest in the poorer parts of the world (Table 6).

The fundamental value proposition of the transposition can be understood only by understanding the
project as expanding the portfolio of options available, to, say, COGERH in Ceará, for meeting the
water demands in the state. For Ceará (and other receiving states) the transposition water is of very
high reliability, ensuring that key needs (for the city of Fortaleza, in the Ceará case) can be met
under almost any circumstances. This means that the current, strategy of holding water for long periods
in high-evaporation reservoirs (to ensure minimum supply for critical needs) is no longer necessary. The
impact of the transposition water, then, is to enable COGERH to run its existing reservoirs much harder,
that is, using the water before most of it evaporates, since high-security water is now guaranteed by the
Transposition Project.

The first commission to study a transposition of the São Francisco’s waters was given by Emperor
Dom Pedro II to engineer Henrique Halfeld in 1852 (Villa, 1964). Ever since, both democratic and
authoritarian Brazilian governments have shown great interest in the concept, but its enormous cost
and the opposition of the ‘donor’ states through which the São Francisco flows have prevented
implementation of any previous effort. Slowly, however, the political will to act evolved sufficiently
to tackle the project under Luiz Inacio Lula da Silva, the president who considered himself a refugee
of the drought polygon, the very region the transposition was designed to invigorate. During his admin-
istration (2003–2010), the federal government was able to create an unprecedented consensus, appeasing
most of the plan’s opponents and gaining sufficient levels of popular support to implement the project.

The proposed scheme will have two major points for diversion. The first will divert water from the river
just below the existing Sobradinho Dam at a point known as Cabrobo; the secondwill draw from the existing
Itaparica Dam and reservoir located further downstream. The project has assured a continuous minimum
flow of 26.4 m3 s�1 diverted through the two axes (16.4 through the northern axis, 10 through the eastern
axis). Maximum flow has been projected to be less than 4.5 percent of the São Francisco River’s average
flows at any time (127 m3 s�1 in total, with 99 through the northern axis and 28 through the eastern
axis). Surplus water is to be stored in reservoirs identified by the Ministry of National Integration.

Major and minor infrastructure. Major infrastructure to be constructed as part of the Transposition
includes two massive channels: a North Axis transporting water to Pernambuco, Ceará, Paraíba and

Table 6. Contribution of inter-basin transfers (IBTs) to all water withdrawals in 2000.

Water Withdrawals (109 m3 a�1)

Region Totala Through IBTsb

South America 182 3 2%
North America 705 300 43%
Asia 2,357 146 6%
Europe 463 79 17%
Africa 235 11 5%
Australia and Oceania 32 1 3%
World total 3974 540 14%

aShiklomanov (2000).
bICID (2005).
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Rio Grande do Norte, and an East Axis transferring additional water to Pernambuco and Paraíba (see
Figure 21).

Nine pumping stations will also be built: three pumps to move water across a total of 180 meters of
elevation in the North Axis, and six pumps to transfer water across 300 meters of elevation in the East
Axis. Minor infrastructure includes a variety of storage, connection, and power-generating components.
In the North Axis, this included to date four pumping stations, 22 canals, six tunnels, 26 small reser-
voirs, and two hydroelectric plants of 40 and 12 megawatt capacity, respectively. In the East Axis,
infrastructure involves five pumping stations, two tunnels, and nine reservoirs. In addition, 30 small
dams are planned to regulate flow along the channels when water is not being pumped. More canals
and extensions are planned to reach rural populations along the channel routes (see Figure 22). As
expected with the large scale of this project, the pumping works and electricity they require are signifi-
cant. However, the project will operate in a dual mode, where during the ‘high’ mode in wet years and
when Sobradinho Reservoir will be near spilling, water will be pumped at the maximum rate of 127
m3 s�1, and during ‘low’ mode, water will be pumped at only 26 m3 s�1.

Current challenges and a framework for response

Current challenge 1: Improving water security in the extended basin by delivering on the promise of the
transposition

The extended basin states continue to face the challenge of improving water security – its availability
and allocation – in a semiarid region prone to drought. The most immediate challenge is ensuring that
the promise of the Transposition Project investment, its attempt to address all such facets of water secur-
ity, is realized, not only through federal efforts, but also in the individual states. Should the project
succeed, the potential opportunities are undoubtedly immense nationally and regionally.

There are quite different conceptions of the value of the transposition project. For some, the water will
be provided directly to the dispersed population who are great victims of water insecurity. For the

Fig. 22. The Transposition Project’s major infrastructure.
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sophisticated operators of state water schemes, the contribution of the project is quite different. As
described earlier, for these managers the project provides more than just the transposed volumetric
flow rate. Injecting a high-reliability source of water into the portfolio of water options for each recipient
state means that states will no longer have to hold water for years in high-evaporating reservoirs, thus
dramatically reducing evaporative losses and enabling other, existing, water sources to be used much
more efficiently. It is this, indirect but very important, impact that will benefit both the rural poor
and the industries and cities which drive regional growth (and employment opportunities for the poor).

However, with the transposition’s infrastructure now almost complete, significant uncertainty remains
regarding its operation vis-à-vis the role of the federal and state governments. There has been contro-
versy since its inception, at both the federal and state level, about its economic cost and
sustainability, the monitoring and operations required, its environmental impact, and the consequences
for communities located at its edges. All this adds complexity to the already sensitive issues of allo-
cations and water-cost structures across the extended basin, and to the existing competition among
uses such as irrigation and electricity.

Building the right institutional environment to deliver the potential of the Transposition Project –
federal response

These debates of the past have failed to focus on what is now the most important challenge for the
project and one of the greatest opportunities for the São Francisco Basin: designing the right policies
and institutions not only to make the best use of and manage the transposition’s infrastructure and
transposed waters, but also to ensure water security for greater basin region (Souza, 2012).

The contested politics of the Transposition Project and the ingrained, historical conventions for mana-
ging water have also contributed to the current federal response to managing the project. The
Transposition Project has been to date a largely infrastructural project that has left the issue of what
sort of institutional environment would be needed to maintain it in question. The critical debates
have focused on the organization of managerial bodies, rather than on managerial instruments, and
their larger objectives and design.

Limitations of the existing institutional environment. The task of defining and designing any insti-
tutional environment is complicated by the basin-centric character of Brazilian water legislation, at
both the federal level (Law 9.433) and state level. At the federal level, the tiers of decision-making
and conflict resolution are not clear. Because the Transposition Project is a cross-basin undertaking,
the rights and prerogatives of the various levels of government, as well as those of the institutions com-
posing NWRMS, are not clearly defined. The federal interagency struggle during development of the
basin plan, in 2004, clearly illustrates the complexity of the current institutional environment.

From the very beginning, the design of the basin plan and development of the Transposition Project
were intertwined; the development of the plan itself was driven (and complicated) by the needs of the
impending project. In an effort to stop the Transposition, ANA’s original plan was rejected by the Basin
Committee and its constituents who were against the transposition of their waters to the Northeast; it was
finally approved only after detailed interstate allocations were removed and the transposed waters were
allocated only for human and livestock consumption. The federal government, which disagreed with this
outcome, interpreted the situation as one in which the National Water Resources Council should make
the final decision. The Council, in turn, overruled the Basin Committee, becoming the federal institution

H. Lee et al. / Water Policy 16 (2014) 153–200 187



that ultimately approved the final basin plan, which included the proposal for the cross-basin transposi-
tion Project (Kleemens, 2010). This resolution of the conflict between the Basin Committee and federal
government spurred a legal debate on the scope and powers of basin committees, particularly in the case
of interbasin transfers that go beyond the domain of any one basin. It also spurred a broader concern
about, in the words of one acute Brazilian water philosopher and manager, the system is characterized
by an excess of governance (a very broad definition of who should participate) and a deficit of govern-
ability (an ability to make decisions and implement).

In deciding between possible institutional environments, policymakers face difficult trade-offs in
terms of meshing principles and priorities with key objectives, for example, in balancing factors such
as efficiency, equity, and economic growth. They need objectives and criteria to measure the effective-
ness of the various choices. Specifically, the chosen institutional environment should address the main
challenges to achieving water security: (1) allocating the transposed water among the different receiving
states; (2) recovering operational costs; and (3) designing an efficient operating scheme for the transpo-
sition canals and infrastructure. Suggested criteria for designing the instruments to achieve these goals
are: efficiency - to contribute more rapidly and directly to economic growth; equity - across both states
and sectors; feasibility - both politically and administratively, which affects speed of implementation;
and flexibility - ability to respond to changing needs over time and to other positive externalities.

Among the instruments available to achieve the three objectives listed above are laws and regulations
addressing allocation rules (and how they can evolve) and pricing. These subjects need to be made
explicit and discussed by the federal and state governments.

Discussion on instruments to reach objectives. Reaching objective 1: optimal allocation of the trans-
posed water among the different receiving states – federal and state responses. Discussion about
achieving an optimal allocation of the transposed water among the different receiving states should
focus on two things: first, the overall architecture of responsibilities between the federal government
and the states; second, the formulas for allocation.

In the first case, the limit to the federal government’s role in allocating the transposed waters in states
should be clear. The federal responsibility is to provide the agreed-upon volumetric flow of transposed
waters. It is then the states’ responsibilities to make the best use of the water, once received, as part of
their overall water-management responsibilities. In Ceará, for example, supplementary water works
are being constructed to prepare for the transposed water (see Figure 23 and Figure 24) and to integrate
this new, high-reliability source into the overall portfolio of water supply options.

The scheme – the principles or formulas – defining the allocation, however, is not defined. The initial
plans do include guidelines for continuous flow rates and operating rules in periods of drought. The pro-
ject has assured a continuous minimum flow; allocation of water from the transposition among states
consists of a baseline amount during dry periods of 26.4 m3 s�1, and an additional 88 m3 s�1 that
could be transposed depending on the levels of the Sobradinho reservoir.

Surplus water, meanwhile, is supposed to be stored in reservoirs identified by the Ministry of National
Integration. End-use priorities follow those set up by the federal government in the Constitution: human
and animal consumption ranks first; all other users are secondary. ANA has already established an allo-
cation rule for the baseline transposed volume of 26.4 m3 s�1, based on the principle of 100 percent
coverage of current demand for human consumption along, and at the destinations of, the transposition’s
canals.
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Fig. 23. The Transposition Project’s minor infrastructure (legend translated).

Fig. 24. Ceará’s infrastructure to receive the Transposition Project’s water.
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But allocation of the additional 88 m3 s�1 of available water has yet to be decided and most of it will
be used for irrigation and industrial purposes, which are not regarded as priority uses under the consti-
tution or the National Water Law. Even though the governors of the northeastern states have publicly
committed to covering the operating cost of the Transposition Project (Bezerra, 2012), no binding
legal commitment has yet been signed. This raises the likelihood of future conflicts and contentious
negotiations between the receiving states and the federal government regarding the tariffs for the trans-
posed water, particularly if operating costs turn out to be higher than those previously estimated in
studies commissioned by the Ministry for National Integration.

Potential options for a scheme include a fixed allocation, dynamic allocation, and tradable water
rights. Allocation could be based on the principle of equality among the receiving states, such that
each is entitled to a quantity of water proportional to its population. Alternatively, allocation might
follow development need, prioritizing those states in which the transposed water appears likely to
make a major difference in terms of regional development and poverty reduction. A third possibility
would be to adopt the principle of economic efficiency, that is, allocation would depend on the
water prices that potential users are willing to pay. In greater detail:

• A fixed allocation scheme could entitle each of the receiving states to a percentage of the potential surplus
water above the 26.4 m3 s�1 baseline.With such a scheme, policymakers would also need to decide how to
manage those portions of the individual state quotas that are not being used in the short term.

• A dynamic allocation scheme could be based on a periodic technical assessment of the level and type
of existing and projected water demand in the receiving states. This has the advantage of targeting
demands from specific sectors and geographic areas considered crucial for regional development.
As such, a key challenge would be to insulate the technical analysis of demand from political
pressures and lobbying.

• A system of tradable water rights could afford every state a choice between using its allocated water
quota for in-state consumption or selling it to one or more of the other states within the transposition
system. This option promotes economic efficiency, but its effective implementation may be
complicated by potential market and informational failures and legal challenges.

Based on the four criteria (efficiency, equity, feasibility and flexibility), a fixed allocation scheme is
most immediately viable. A dynamic allocation scheme is just as favorable for equity considerations, but
less efficient, feasible, and flexible than a fixed scheme. And a system of tradable water rights may be
efficient, but is less realistic in terms of implementation at the basin-scale in the São Francisco given the
constitutional constraints, the existing institutional setup and level of experience with a new platform.

Regardless of the option chosen, however, it is necessary and critical both that the cost structure be
agreed upon between federal and state governments, and that the different users are considered.

A cost structure has two key components that much be agreed on: first, what proportion of capital and
operating charges will be paid by the federal and state governments, respectively; second, what charges
will be levied for the water delivered.

Directly related to cost structure is the matter of optimizing prices by considering the water’s value by
use, including for trade, agriculture, and hydropower. We will discuss key considerations in economic
optimization of water use in the next section, but it is critical to note here that the transposed water will
also be valued based on its different uses. The scale of this opportunity to rethink allocation among mul-
tiple users is especially promising given the potential benefits of irrigation in the receiving states, based
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on the past evidence. According to CODEVASF, about 45 percent of the total Northeast consists of land
suitable for irrigation and the Transposition Project can provide that water.

Receiving states, especially, must consider how this additional, guaranteed water supply – represent-
ing even greater opportunity for economic development or other civic benefits – should be used.

Reaching objective 2: recovering operational costs – federal and state responses. In addition to con-
sidering the allocation and use of the transposed water, a major transposition management goal
is balancing the roles of the federal and state governments to ensure the project’s operation and
maintenance financial viability.

In the medium to long term, one challenge will be recovering from the states the federal costs of oper-
ating the project; another will be how to manage the differing capacities of the states to raise or collect
funds. Preliminary estimates made by experts within ANA indicate that receiving states will need to pay
an average of R$0.13 to R$0.26 (ANA, 2005) per m3 of guaranteed transposed water. Each state, there-
fore, will need to develop a mechanism for paying this assessment, either through their primary budgets
or by adjusting state tariff structures. Possibilities include the following:

• Increasing the price for water paid by residential users. Current state water-tariff schemes are charac-
terized by extreme cross-subsidization. In Ceará, bulk water provided through COGERH costs R$0.3/
m3 for residential users and R$1.4/m3 for industrial users, but only R$0.008/m3 to R$0.012/m3 for
irrigation (Diário Oficial do Estado, 2011) (although, in fact, these are two different commodities –
one of high reliability and the other, low reliability). In other states, most irrigation users are not
even charged for their water consumption. MIN has estimated that an increase of 4 to 9 percent in
the water prices now paid by residential consumers would be sufficient to cover the operational
and administrative costs of the Transposition infrastructure.

• Creating a ‘water security’ tax. An alternative to the price increase could be a ‘water security’ tax
added to monthly water bills. This would make clear to users that the Transposition Project is
effectively providing them with an insurance policy against periods of severe drought.

• Auctioning a share of the transposed water to industrial users. Given the relatively high prices cur-
rently paid by industrial users, a share of the additional potential supply of 88 m3 s�1 might be
auctioned off at a price that surpasses the Transposition operational cost per m3 of R$0.12 to
R$0.20. Depending on the industrial demand for water, such auctions might cover state fees to the
federal operator entirely and even allow state agencies to make a profit.

All these options vary widely in performance across the four suggested criteria, and depend on the
respective priorities of the federal and state governments as related to the criteria. For example, if
feasibility and flexibility are most desired, increasing water prices would be most beneficial.

Reaching objective 3: designing an efficient operating scheme for the transposition project canals and
infrastructure – federal responses. Although some of the goals outlined above can be met through indi-
vidual state or federal policies, the Transposition Project will still require an institution to manage and
operate its physical infrastructure. Yet even though construction of the infrastructure is far along, the
entity that will become responsible for operating and maintaining it remains unknown, largely because
of political debate among the members of the government seeking influence over the future operator
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(Cirílo, 2012). The structure and attributions of this entity are of great importance, as theywill have amajor
impact on the functioning of the entire water management system in the São Francisco River Basin.

In fact the role of an operator could be broad or narrow, and could be combined with the policy goals high-
lighted in previous sections. The institutional design of the federal operator needs to take into account the
various capabilities required in a new institution of this size, and the desired degree of integration of the Trans-
position Project into a broader strategy of semiarid Northeast development. Existing institutional models may
have suitable incentive structures for cost reduction and efficient operations, but lack institutional capacity and
the flexibility to address amandate for broadermanagement in the basin. Bearing these qualifications inmind,
possibilities for the structure and mandate of the future transposition operator are as follows:

• Concession of the Transposition Project infrastructure to CHESF. As a mature energy company with a
track record of excellence in efficient and safe hydropower generation in the São Francisco Valley,
CHESF possesses the technical capabilities to take on the administration of the Transposition Project
without needing to make substantial investments in human or capital resources. Moreover, CHESF
has over time assumed broad roles in environmental protection and community organizing in the
basin, and is therefore in an excellent position to develop a rigorous strategy for leveraging the Trans-
position Project as a way to ensure sustainable development in the region. Nonetheless, CHESF’s
current mandate and culture is clearly focused on energy generation, so including the project within
its mandate would require a significant overhaul of its organizational structure and business plan.

• Inclusion of the operation of the Transposition Project under CODEVASF’s mandate. Like CHESF,
CODEVASF benefits from already-existing technical capabilities, a large organizational structure, and
an excellent knowledge of the São Francisco River Basin and neighboring regions. Moreover, as an
administrator of large irrigation projects, CODEVASF’s current operations closely resemble the future
operation of the Transposition canals in various ways. But CODEVASF, in stark contrast to CHESF,
has never aimed for financial independence; it implements most of its projects in the form of devel-
opment grants from the federal government. As efficient operations are crucial for the financial
sustainability of the Transposition Project, this culture implies some challenges if CODEVASF
were to be in charge of a financially-viable water carrier.

• Concession to a consortium formed by the various states, CHESF, andCODEVASF.Aconsortium formed
by these shareholders might successfully align their incentives and ensure their support for achieving the
key operational goals of the federal operator. Nonetheless, this alternative also presents the risk of policy
impasseswhenever the interests and objectives of the partners diverge. Therefore, the success of thismodel
may ultimately demand the clear dominance of one of the stakeholders over the rest.

• Concession to a private operator through competitive auction. This alternative would ensure that the
operation of the Transposition Project is as profitable as possible, and provide strong incentives for
cost reduction and efficiency. However, it would also require specification of a clear contract
which balances the needs of investors, the users and the state and federal governments. Although
the use of concession and lease contracts are or growing importance in Brazil, it may be premature
to initiate such a contract in a novel an untested arena.

Among these possibilities for a federal operator, two especially stand out as more appealing options: the
first, the concession toCHESF; the second, the concession to a consortium of the states, CHESF, andCODE-
VASF. The recommendation is based on the distinct experiences, extensive overlap in current scope and
mandate, and proven successes of CHESF and on recently empowered state leadership, as in Ceará.
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Building the right institutional environment to deliver the potential of the Transposition Project – state
response

Among the many uncertainties just laid out regarding state and federal roles, respectively, in imple-
menting and maintaining the Transposition Project, the one clear designation of responsibility involves
assuring the necessary supply of water and supporting the infrastructure required to store and deliver it.
The federal responsibility is to provide the agreed-upon volumetric flow of transposed waters and to set
and collect the tariffs; the states’ responsibilities are to manage the water optimally, once received.

Overall, each of the receiving states has its own priorities in addressing both the uncertain and the
more clear responsibilities that participation in the Transposition Project involves. A priority of the
state of Ceará, for example, is to use this current challenge as an opportunity to strengthen COGERH’s
existing capabilities. The states of Pernambuco, Paraíba, and Rio Grande do Norte should focus on
strengthening the institutional capacity of their existing agencies, developing plans for new infrastruc-
ture, and discussing models of financial sustainability for the long run. Objectively, Ceará appears the
most prepared of the northeastern states to face this current challenge, no doubt due to its past successes.

In summary, the states’ primary challenges will be to integrate their existing distribution and storage
infrastructure with Transposition Project infrastructure, to strengthen and modify their relevant state
agencies as necessary, and to continue to develop systems for water charges that take into account
the differing risks, reliability, and thus value of each water source in their total portfolio of water sources
and supply.

Summary of recommended responses to the current challenge of realizing the Transposition Project’s
potential to increase water security

To develop the best policies for managing water in the long term, policymakers need to consider: first,
their objectives, that is, their end goals; second, the limitations of the current institutional framework
that prevent achieving those goals, and finally, the existing and potential instruments and organizations
available to aid in achieving these goals (including policy instruments such as financing sources, water
permits and charges, and regulatory tools). Only after these goals and mechanisms are identified, can
policymakers effectively consider what kind of organizational and institutional body is needed to
achieve the desired ends. As demonstrated by the historical challenges previously noted, water is a
necessary but not a sufficient condition for sustainable growth.

The Transposition Project and the broader institutional environment eventually chosen to support it
have the opportunity to address such historical gaps, to provide mechanisms that will clearly define the
allocation of water, decrease the vulnerability of the extended basin states, and integrate collaborative
efforts among the multiple institutions that address various economic uses. The next section addresses
the need for comprehensive attention to water’s economic uses across the basin.

Current challenge 2: A turning point for regional development – unlocking the economic potential of
the São Francisco River Basin

For federal policymakers, an even broader challenge related to the Transposition Project is the task of
using the potential of all water sources within the wider São Francisco Basin to aid economic and social
development in the region. Arguably, all the diverse economic activities of the region use water, and
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there is much growth potential yet to be tapped. As noted earlier, the hydropower potential of the river
has been almost completely utilized to date, but much remains to be done in using the river for irriga-
tion, transport, and other industries.

Policymakers have refocused on the economic potential of the basin as a whole, not just on its trans-
posed waters, and on how to best utilize the newly abundant water and agricultural fertile land for
economic growth. Of an estimated 360,000 hectares of potentially irrigable land in the São Francisco
Valley, less than a third was under irrigation in 2009 (Bell et al., 2009), and practitioners estimate
that the agricultural value added per unit of water in the São Francisco has reached less than 1 per
cent of that attained in the Murray–Darling Basin of Australia. Current investments are mostly focused
on irrigation infrastructure and revitalization, actions that show that attention is being paid to the sus-
tainable use of the available water (Table 7). But a timely opportunity to revisit business-as-usual
approaches, and rearrange financial and institutional resources for water management, looms on the hor-
izon: 90 percent of the concessions of CHESF are due to expire in 2015, creating an opportunity to
rethink the institutional environment tasked with ensuring that the wealth of the basin is well utilized.

An institutional environment that supports sustainable growth in the long term – federal and state
responses

In addition to its ramifications for the federal government’s role in water management, the current
situation in the São Francisco Basin provides two major opportunities with the potential to create sus-
tainable economic growth for the region: a full-scale expansion of irrigated agriculture and a chance to
reform the way competing uses of the basin’s water supply are managed.

As was the case with the Transposition Project, realizing the basin’s full economic potential requires
attention to the appropriate institutional environment. The temptation is to think immediately about
organizational structures to achieve sustainable management of the river, but it is important to consider
the objectives first, and then the mechanisms required. The objectives in this case include: (1) optimiz-
ing the water flows of the São Francisco for multiple uses; (2) stimulating agricultural development; and
(3) addressing water-quality concerns.

As the respective designations of federal and state responsibilities are more intertwined for these
issues than was the case with Challenge 1, the following suggestions and recommendations jointly
address both federal and state responsibilities.

Table 7. Exclusive and nonexclusive investments in the basin (2004–2007, legend translated).

Exclusive Non-exclusive

Sectors of Investment (*) Value (R$) (%) Value (R$) (%)

Sanitation 84,884,345.00 4.6 4,543,561,873.00 48.7
Irrigation 978,390,576.00 53.5 144,261,448.00 1.5
Infrastructure 333,818,840.00 18.3 160,985,531.00 1.7
Revitalization 402,672,490.00 22.0 773,507,386.00 8.3
Other 28,073,723.00 1.6 3,708,808,036.00 39.8
Total 1,827,839,974.00 100.0 9,331,124,274.00 100.0

(PPA, 2004/2007; PMSS-ANA/SPR, 2004) *Synthesis of values obtained and analyzed by theme and by the Ministry of
National Integration.
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Discussion on instruments to reach objectives. Reaching objective 1: optimizing the water flows of the
São Francisco for multiple uses – federal responses. The challenge of allocating transposed water
among the states in the region is linked to the challenge of optimizing the allocation of basin water
among different economic users. The current management of the flow of the São Francisco River is deli-
neated by CHESF and dictated by the optimization model of Brazil’s nationwide energy grid. This
creates a problem for the efficient economic use of Transposition Project water, because drought con-
ditions may occur in the receiving states at times when pumping additional water is impossible because
the Sobradinho Reservoir is too low. Once again, trade-offs among the priorities of equity, economic
efficiency, and specific strategies of economic development are particularly relevant to the discussion
of policy alternatives.

As mentioned previously, the electricity sector currently dominates use of the São Francisco, and
optimization of water use is managed at a national level, predominantly to optimize power generation,
apart from ensuring a minimum renewable flow rate and adhering to any constraints imposed by permits
for other uses. CHESF is the strongest operational organization in the São Francisco, generating more
than R$2 billion of net income in 2010 alone. This income currently contributes to the profits of CHESF
and its parent company, Eletrobras, with the exception of 6.75 percent of the value of energy produced,
which – according to law 8.001 of 1990, as modified by law 9.984 of 2000 – is distributed to federal
recipients (the Ministry of National Integration, the Ministry of the Environment, and the Fund for the
Development of Science and Technology), and to the states and municipalities.

Also mentioned previously, the 90 percent of CHESF’s concessions that were due to expire in 2015
were renewed in late 2012. These concessions were agreed in 1995 for an additional 20 years, with the
expectation at the time that the power-generation assets would be eventually privatized. These intentions
have not materialized. Renewal of the hydropower concessions could have offered not only the opport-
unity to consider whether CHESF should continue to operate these plants and gain the associated
revenue, but also a chance to reconsider the existing balance of electricity generation versus other econ-
omic uses of the river. It would have been a case of principled opportunism, where some of the funds
generated by the hydroelectric potential of the river can flow back into its development and manage-
ment. However, CHESF concessions were renewed with the aim to minimize total electricity tariffs
nationwide, rather than the optimization of water resources in the basin.

Option 1: strengthening the current framework. Strengthening the current framework for water man-
agement within the basin would distribute the additional income from concession renewals to the federal
government, and possibly directly to CODEVASF, the states, and municipalities in a manner similar to
the way current income is allocated. This money would be available for the respective agencies to use as
they see fit, including investing it in other competitive uses.

Such an approach is very feasible politically and administratively, and continues to strengthen the
existing framework that has been developing for more than a decade. It is also useful if all the organ-
izations involved are facing financial constraints that prevent them from operating at full potential. But if
there are structural concerns about the management and operation of water resources, this option would
be unable to address them. It would also risk exacerbating any existing institutional inequalities among
the states and sectors, because those organizations with greater capacity would likely be able to utilize
their funding more efficiently. At the same time, it would miss the opportunity to strategically target
organizations or projects with the most potential for growth within the basin.

Option 2: integrated basin management and development. An alternative option is to develop a strong
centralized institution to pursue basin management and development goals in an integrated way. This
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could be an organization in the style of the Tennessee Valley Authority, the TVA, with a mandate to set
development strategy andmanage the integrated use of the river’s resources, whether for energy, irrigation,
transport, and/or community purposes. The exact mandate would depend on the desired goals, and could
range from encouraging private investment to implementing infrastructure projects.

One possible arrangement could allow CHESF to continue to manage hydropower generation, but
have the resulting income used by CODEVASF for irrigation projects, including public–private partner-
ships (PPPs). In this way, the institution governing development in the basin would be a joint
organization of CHESF and CODEVASF, benefiting from the financial strength of the former and
the existing operational mandate of the latter.

A key consideration for this model is how the new entity would function within the context of exist-
ing institutions. What would the role of basin agencies be, and how would the state governments,
municipalities, and other users be involved? Also at issue is whether a single organization is required
to oversee all major development goals in the basin, as opposed to one entity supervising energy and
irrigation goals in an integrated manner, while other arrangements are developed to achieve other goals.

The benefit of this model is that funds can be managed as part of an overall development strategy and
channeled to the highest-value projects. The model also leverages the existing financial and institutional
strength of CHESF and CODEVASF to achieve results that might not be possible when utilizing only one
of them. There is a risk, however, that creating such a strong centralized agency reduces the ability of the
states, other water users, and the general public to participate in basin development. There is also a ques-
tion about the most efficient use of revenue from electricity generation. Using all that income to fund non-
energy sector activities could set a precedent for other regions of Brazil, which might request similar fund-
ing. In a country where the transmission grid is integrated and the electricity system is optimized on a
national level, hypothecating funds to electricity-generating regions (beyond what is already allocated
by Law 8.001) on a basis other than need may cause greater economic inefficiencies in the long term.

Reaching objective 2: stimulating agricultural development – state and federal responses. More than
500,000 hectares are considered ripe for irrigation development within the São Francisco River Basin
(ANA/GEF/PNUMA/OEA, 2004), and the decennial plan for water-resource management there includes
irrigated agriculture of 550,000 hectares (CODEVASF, 1996). With ample water, the soil can produce a
wide variety of high-value crops, including cotton and fruits and vegetables such as bananas, mangos,
guavas, watermelons and other melons, corn, onions, beans, tomatoes, and soybeans, in addition to
newer products such as table grapes and sugar cane. Agriculture has therefore been considered one of
the most promising sectors for growth, but the climate, spatially and temporally, and geography of the
basin region are very variable, as noted in the descriptive section above. This results in wide variation
in the amount of water available – either as precipitation or groundwater – even where the land is fertile.
In the basin today, less than 5 percent of the water used for irrigation comes from groundwater sources.
(FAO, 2000). Agriculture is really only stable and possible, therefore, with irrigation infrastructure.

A concentrated effort to expand the area available for agricultural development alone within the pur-
view of CODEVASF is not enough. As with the energy sector, in order for irrigated agriculture to reach
its full potential, it must be integrated with efforts at better water management and economic manage-
ment, at both the federal and state levels. Irrigation expansion cannot be fully successful without a
supportive institutional environment that prioritizes it, that is, an environment with corresponding
rules and policies, research and development capabilities, and organizational bodies that can collectively
address goals, and with distinctions between federal and state governance.
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More private sector involvement and public–private partnerships. There is both room and a need to
identify models for such successful institutional environments. Historically, public irrigation systems
brought management and marketing challenges to small farmers and private agro-industrial enterprises
had some successes. Opportunities today exist for both options. Private industry is a growing player, for
example, the São Francisco Valley Association of Producers and Exporters (Associação dos Produtores
e Exportadores do Vale do Rio São Francisco-VALEXPORT), in addition to the government’s own
agricultural research and development agencies (EMBRAPA and IPEA). The more recent and signifi-
cant recommendations have been to focus on PPPs as the appropriate model for large-scale growth,
based on the reasoning that Brazil is experienced in both private participation and investments in
infrastructure, has a variety of potential contract arrangements (see below) and has stable national laws.

Recent major PPP projects illustrating the program’s potential success as a model institutional arrange-
ment have been set up across the region: the Pontal Project with the International Finance Corporation and
the City of Petrolina, wheremore than 7.171 hectares of 33,500 can be set aside for irrigation; the Baixio de
Irecê Project with theWorld Bank and the City of Irecê, where 59,000 of 107,000 hectares can be irrigated;
the Salitre Project in Juazeiro; and the Sertão Pernambucano Channel Project in Pernambuco. The central,
innovative idea behind these PPPs is that the private sector will be the driving force, but the concession
contracts themselves will be awarded in part on the basis of including small farmers in the projects and
in the high-value production chains that will result. The projects’ contracts establish – as objectives of
occupation of the irrigated land – the inclusion of small local farmers, and a governmental investment
focused mainly on infrastructure and on advising about the design of water tariffs.

This model draws dual benefits from both the private and the public sectors; from the former, efficiency
and capacity, managerial assets, and financial support around marketing and technology; from the latter,
credit, research, funds, and the necessary means for infrastructure. As with any innovation, there are many
teething problems relating to both concept and implementation that still need to be resolved.

Reaching objective 3: addressing water quality concerns – state and federal responses. Lastly, an
important objective for ensuring economic growth is increasing the water quality in the basin is a respon-
sibility of both the state and federal governments, especially given the many tributaries, major rivers, and
ownership structures involved. Development of the São Francisco is still in its early stages; managing the
quantity and kind of its continued growth, including potential risks to water quality and the general
environment will become increasingly important. Current institutional shortcomings in water-quality
management include inadequate sewage collection and effluent treatment in cities, lack of monitoring
and enforcement of existing standards, particularly along tributaries, and ambiguity about the respective
roles of municipalities, states, and the federal government in dealing with issues that directly affect water
quality, such as in used-water returns, groundwater- and surface-runoff management, and land-use per-
mits. On the positive side, Brazil is now making significant investments in urban sanitation, and has a
history of successful management of nonpoint sources of pollution from agriculture in the south and south-
east regions, in part through management of buffer zones consisting of riverine forests.

Summary of recommended responses to the current challenge of unlocking the economic potential of the
São Francisco River Basin

As noted in previous discussion, the potential for irrigated agriculture, for reformed management of
all competitive uses of the river’s water, and for addressing environmental management can open many
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economic opportunities for the entire basin. There are, however, some challenges, including how growth
and investment goals will be met and managed, how additional income derived from developing other
uses of the basin’s water will be re-allocated, and how increased private-sector involvement will interact
with the current federal and state institutions and their water management mandates.

Conclusion

The twomost pressing challenges for the basin today are creating the right institutional environment for deli-
vering on the potential of the Transposition Project and for promoting sustainable, long-term economic growth.
The response to these challenges should be designed and approached with the following objectives: for deli-
vering on the Transposition, the objectives are to allocate optimally among the receiving states, to recover the
operation andmaintenance costs of the project, and to design an efficient operating scheme; and for utilizing all
competitive activities for economic growth, the objectives are to optimize water flow for multiple uses, not a
single user, and stimulate agricultural development; and address water-quality concerns.

With these suggested objectives and the options for response, in addition to the process described for
designing the ideal institutional environment, this study concludes by emphasizing the same principles
advocated my many Brazilian water professionals. These include the need to: clearly delineate federal,
state, and local responsibilities for management and service-delivery (refer to the recent law of concessions
for water and sanitation); clearly separate responsibilities for regulation, management, and enforcement;
integrate short-term processes (regarding allocation and water-quality standards) with long-term basin
plans; study and adapt for risks to available water, including climate change and water quality; and
facilitate private investment by creating greater certainty and clarity in the operating environment.

The objectives and these principles are very much in reach, based on the experiences gained from histori-
cal federal and state actions, and from the lessons learned frompast successes and failures. The SãoFrancisco
River’s extended basin boasts some successes to consider as general water-management practices and guide-
lines for protecting global river basins: a comprehensive Water Law that protects the rights to water; an
abundant nationwide energy supply that is renewable; one of the most innovative state-level water manage-
ment systems; a massive effort to address acute water-scarcity challenges. Above all, this study of the São
Francisco Basin demonstrates the struggles of federalism in managing a complex river basin and the lessons
to be learned throughout those struggles. Now is an especially timely opportunity for policymakers, both
within the critical extended Basin states, and across the federal government, to re-innovate, and revisit the
design for an institutional environment that can sustain and surpass previous successes.
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